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ADDITIONAL STUDIES DISCUSSING LUNG CANCER 


In addition to the primary lung cancer studies discussed 
in Section A of this notebook, a number of other studies are 
sometimes cited in support of claims that ETS exposure is associated 
with an increased risk of lung cancer. The studies fall into two 
categories: some are case-control studies similar to the primary 
studies, and some are studies of other aspects of lung cancer. 

Following are brief summaries of these studies, including 
discussions of their problems and limitations. Copies of these 
studies follow this introduction, arranged in chronological order 
and highlighted in yellow for useful information and in blue for 
adverse information. 

Case-Control Studies 


While the studies in this category present risk estimates 
similar to those calculated in the primary epidemiologic studies 
on spousal smoking, incomplete information or methodological 
differences preclude their inclusion in that set of studies. 
Difficulties with the earliest studies in this group (e.g., Knoth, ^ 
et al., 1983; Miller, 1984; Sandler, et al., 1985) were apparently 

Cl 

recognized by the National Academy of Sciences (198 6)' and the 

CJ 

Environmental Protection Agency (1990), neither of which included 

N 

these studies in their meta-analyses. In his 1992 book on ETS, 
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Peter Lee justifies his decision not to include a number of these 
studies as well. 

Knoth, et al.. 1983 

• This German study included a total of 792 lung cancer patients. 
However, there was no control population for comparison, and 
thus, the authors' conclusions are of limited value. 1 

• One reviewer commented that this report contained "only 

tentative conclusions based on poor data analyzed by 

2 

unacceptable methods." 

Sandler, et al.. 1985 

• Although the papers published by Sandler, et al., in 1985 

focused on overall mortality, some numbers of lung cancer 

3 

deaths were presented. 

• The methodology and interpretation of these studies have been 
heavily criticized (e.g., one scientist described the studies 
as "heavily flawed"). 4 The data presented are of limited 
value. 
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• As noted by Peter Lee, the Sandler data are based on only two 
reported lung cancer deaths. 

Dalager, et al.. 1986 

• Data from three case-control studies conducted in the United 

States under the auspices of the National Cancer Institute were 

. 5 

combined and analyzed m this study. (Two of the studies, 
Correa, et al., and Buffler, et al., were discussed in Section 
A of this notebook.) 

• Because the Dalager paper includes two primary studies on ETS 
and lung cancer, if it were included in considerations of the 
epidemiologic studies, it would result in some data being 
''counted'* twice. 

Lloyd, et al., 1986 

• In a study investigating the high rate of lung cancer in one 
town in Scotland, relatives of 42 cases who had died of lung 
cancer and of 42 matched controls who had died of other causes 
were interviewed. 6 

• Conclusions about ETS exposure were based on smokers and 
nonsmokers combined, thus precluding comparisons to the primary 
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studies cited in Section A of this notebook. However, the 
authors reported no statistically significant differences 
between cases and controls for any questions relative to 
personal smoking or to ETS. 

Katada. et al.. 1988 

« This study, using hospitalized individuals in Nara, Japan, 

included only 25 female lung cancer cases (some of whom were 

7 

smokers) and 50 female controls. 

• All of the cases reported present exposure to ETS, all but two 
reported past exposure, and all but four reported childhood 
exposure. Thus, the reference categories (i.e., non-exposed 
women) are too small to allow appropriate calculations of 
relative risk. 

• Nevertheless, none of the case-control comparisons was 
statistically significant at the 5% level. (Note: the paper 
also bases some of its conclusions on nonsmokers and smokers 
combined.) 

• The Katada, et al., study was mentioned in the 1992 EPA Risk 
Assessment on ETS, but its data were not used in any analyses. 
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Lam and Cheng, 1988 


• This paper reviews four lung cancer studies previously 
conducted in Hong Kong, all of which are presented in the 

g 

Primary Studies section of this notebook. [Note: Because 
only a few pages of the 1985 W. K. Lam thesis are available, 
the Lam and Cheng article provides the best source for W.K. 
Lam's data and risk estimate.] 

• Using meta-analysis, Lam and Cheng calculate a statistically 
significant summary point estimate for the four studies. 

( 

Chen, et al.. 1990 

• In 1990, conclusions based on a study of 332 cases and 635 

. . . . 9 

group-matched hospital controls in Taiwan were published. 

• For ETS exposure, point estimates achieving statistical 
significance were reported; however, it appears that these 
risk estimates were calculated using both nonsmokers and 
active smokers, and are thus not comparable with those reported 
in other studies based on nonsmokers only. 
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Miller. 1990 


• Miller used newspaper death notices to ascertain cancer deaths 
in women in northwestern Pennsylvania, and then interviewed 
surviving next-of-kin to obtain information on the deceased 
women. This approach could be expected to result in problems 
related to accurate recall by those interviewed. 10 

• In a 1984 paper, Miller examined "all cancer deaths" (See Other 
Cancers section in this notebook) ; in the 1990 paper, he 
provides numbers of cancer deaths by site. 

Holowatv, et al.. 1991 

• This paper reports on a study of 51 female lung cancer cases 
and 45 controls. 11 Only five cases and 27 controls were 
reported to be never smokers. 

• Presumably due to the small sample size, Holowaty, et al., do 
not present risk estimates based on nonsmokers alone; their 
risk estimates for household ETS exposure are all adjusted 
for personal smoking history. None of the reported risk 
estimates is statistically significant. 
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Liu, et al.. 1993 


• This recent paper discusses indoor air pollution and lung: 

cancer incidence in a Chinese population, and briefly presents 

12 

data on reported ETS exposures. 

• The paper does not provide key information necessary for 
evaluation of its conclusions. For instance, the derivation 
of the exposure index used ("cigarette equivalents") is not 
provided, nor do the authors define "nonsmoker." 

• No overall risk estimate is given in the paper. Rather, the 
authors provide separate risk estimates for two levels of 
husband's smoking. One of these is less than 1.0; the other 
is statistically significantly elevated. 

Wang, et al.. 1993 

• At first glance, this meeting abstract appears to present 

. 13 

usable data on childhood ETS exposure and lung cancer. It 

reports several statistically significant risk estimates. 

• However, the authors do not indicate if their analyses were 
restricted to nonsmokers. Given that cases and controls were 
reportedly matched on "lifetime smoking habits," it appears 
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probable that the reported risk estimates were derived from 
both smokers and nonsmokers, thus making them incompatible 
with the risk estimates in the primary studies. 

Other Epidemiologic Studies 

In addition to the above-described studies, the following 
studies have also been cited in support of claims of lung cancer 
risk associated with ETS exposure. 

Trichopoulos. et al.. 1992 

♦ In this study, conducted in Athens, Greece, lung tissue samples 

14 

taken at autopsy were examined for cellular changes. The 
authors claimed that levels of "epithelial, possibly 
precancerous lesions" were statistically significantly elevated 
in specimens of lung tissue from women whose husbands 
reportedly smoked. 

• The cellular changes examined in this study were considered 
"lung cancer risk indicators" by the authors. However, the 
persons included in the study died of causes other than cancer 
or respiratory disease. 
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• Although the study included 400 persons, the data on nonsmoking 
women came from a small group of only 41 women. Of that group, 
17 were reportedly married to husbands who smoked and 13 were 
married to nonsmokers. The remaining eleven were not included 
in the analysis because "relevant information was not 
available." 

• The authors report a higher incidence of cellular changes 
among individuals reportedly exposed to ETS (an odds ratio of 
6.0) than for active smokers (an odds ratio of 4.4). 

• Air pollution is a potential contributor to the types of 
cellular changes reported in the study. Indeed, Athens is 
reportedly one of the most heavily polluted cities in the 
world. 

Reif, et al., 1992 

• In an abstract and brief paper, these authors report on a 

case-control study of lung cancer in pet dogs reportedly 

. . 15 

exposed to their owners' cigarette smoke. 

• The study reports a statistically nonsignificant risk estimate 
for exposure to a smoker in the home. It also suggests that 
the reported risk was highest in dogs with short- or mediumi- 
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length noses, compared to long-nosed breeds. The authors 
propose that epidemiologic studies of pets "may add to our 
understanding" of ETS. 


( 
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PASSIVE SMOKING AS A CAUSATIVE FACTOR OF LUNG 
CANCER IN NONSMOKING WOMEN 


by 

A., Knoth, H. Bohn and F. Schmidt 


ABSTRACT 


In a study on 792 patients with bron¬ 
chogenic carcinoma of both sexes in 
the region Mannheim-Ludwigs 
hofen-Meidetberg 59 female bron¬ 
chogenic carcinomas were found. 39 
of them appeared in nonsmoking 
female patterns. 6L5 % of them hod 
lived in domestic community with 
smokers. This is nearly the threefold 
as could be expected on the basis of 
smoking behavior of men in the 
respective groups of age. Suggestions 
on professional exposition to eon- 
cerogemc substances could not be 
found just as little as references to 


hereditary factors. Passive smoking 
is by far the obvious interpretation 
for the high shore of non-smokers tn 
our female patients with bron¬ 
chogenic carcinoma the more so 
since the percentage of squamous 
cell and small-cell carcinomas which 
are valid as typical carcinomas of 
smokers , did not lie essentially tower 
in our non-smoking wives (66.6%) 
in comparison to female smokers 
(XQ%). As a further support of thn 
interpretation is refered tv similar 
results in the world literature proving 
ou r findings as not surprising. 


In a study on 792 lung cancer patients published in a previous 
paper ( Med. Klin, Prax ., 1/1983) we had investigated the question of 
whether M light smoking" (smoking of filter-tipped cigarettes) reduces 
the lung cancer risk, and had found at least five indicators to refute 
this hypothesis. However, we also came upon another significant finding 
which called for further analysis: while 97.3% of the 733 male patients 
with bronchial carcinomas were smokers, there were 39 nonsmokers amono 
the 59 women with lung cancer, i.e. r more than half the female patients. 

As it was not possible to demonstrate any evidence of special occupational 
exposure to carcinogens either in the men with lung cancer or in the 
women — 47.1% of the women with bronchial carcinomas, being housewives, 
had no occupation whatsoever, 23.5% were unskilled working women and 
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17.6% were office workers — the question arose of what other harmful 
agents could be considered as being responsible for the especially high 
percentage of nonsmoking women among our female patients. The fact 

4 

that general air pollutants play a secondary role as a causative agent 
of bronchial cancer as well has been shown again just recently by Ulmer 
[15] in a meticulous study from Northrhine-Westfalia. 

Concerning the methods, we refer to our previous publication [5]. 
Hereditary factors were ruled out already because the great increase 
in the incidence of bronchial carcinoma in women as well would require 
a radical change in the hereditary composition in numerous countries 
in the past decades. Nor is there any indication of such a change [12]. 

In view of the sensational findings of Hirayama [4] and 
Trichopoulos et al. [14], we focused our attention primarily on the 
smoking habits of the husbands and other family members living in the 
same household with the nonsmoking female lung cancer patients. 

A comprehensive review of passive smoking and cancer had been 
published by Schmidt in MEDIZINISCHE KLINIK in 1979 [9]. In that review 
he listed, inter alia , more than 40 carcinogenic substances which had 
been detected in tobacco smoke. 

Especially High Carcinogen Level in Sidestream Smoke 

The possibility of a cancer-causing effect not only of active 
smoking but also of passive smoking cam no longer be challenged with 
scientific arguments for the following reasons: 
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1. The overwhelming majority of the above-mentioned more than 

40 carcinogenic substances present in tobacco smoke enter the surround¬ 
ing, air with the sidestream smoke, and thus the passive smoker is forced 
to inhale them as well. The sidestream smoke does not differ qualitatively, 
but only quantitatively from the mainstream smoke which is inhaled by 
the smoker himself when puffing on the cigarette. Consequently, the 
health hazard of passive smoking is directly related to the health hazards 
of the smoker proper. The severe health damage which the "active” smoker 
must expect makes it ab initio very unlikely for passive smoking to 
be merely a nuisance. Even though the passive smoker inhales the tobacco 
smoke in more or less dilute form, the significance of this dilution 
factor is rendered relative by the fact that the level of the carcinogens 
among the harmful substances is much higher in the sidestream smoke 
than: in: the mainsteam which is inhaled only by the smoker himself. 

2. The carcinogenic effect of passive smoking has been clearly 
established in animal experiments. Ca. 10% of the golden hamsters used 
developed laryngeal carcinomas even in the experiment designed in the 
Forschungsinstitut der Deutschen Zigarettenindustrie [Research Institute 
of the West German Cigarette Industry], and the corresponding percentage 
was even higher, 20% in a U. S. study. It was possible to increase 

the lung tumor incidence by passive smoking to 91% in some cases in 
predisposed mouse strains (reference in T9]). 

3. The more than a dozen nitrosamines detected in tobacco smoke 
deserve particular attention in this respect both qualitatively and 
quantitatively. One ppm (= parts per million) of them is already 
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considered to be potentially carcinogenic. All animal species in¬ 
vestigated so far (more them 20) responded to nitrosamine by tumor 
development without exception. Therefore, we must assume that nitrosamines 
induce cancer in humans as well. 

It is also of particular significance that the nitrosamine level 
in tobacco smoke is so high that smoking must be considered to be the 
most important source of exogenous nitrosamine in the environment in 
general. The situation is further aggravated by the circumstance that 
according to Brunnemann et al. 11,2), the nitrosamine level in the side- 
stream smoke is up to 50 times higher than in the mainstream smoke which 
is inhaled only by the smoker. This especially strongly increased 
nitrosamine level in the sidestream smoke renders the dilution effect 
so strongly relative that — according to the same authors — the 
nitrosamine uptake by passive smokers in roams filled with smoke can 
reach levels which correspond to the nitrosamine content in the main¬ 
stream smoke of up to 30 cigarettes per hour! The nitrosamine level 
in the sidestream smoke of tobacco is, for example, at least 1,000 times 
higher than in beer or in aminophenazone, an otherwise good medicine, 
which was withdrawn from circulation because of minute traces of 
nitrosamine, or than the maximum values which have been specified re¬ 
cently in the nitrosamine ordinance for pacifiers for babies. 

There is No Harmless Dose 

4. Carcinogens are distinguished from other toxic substances 
by their pronounced summation effect. The individual partial doses 
add up to a critical threshold value beyond which cancer usually 


-4- 


Source: https://www.industrydocuments.ucsf.edu/docs/szpxOOOO 


2023513144 



becomes clinically manifest. Even very small doses— one millionth' 
of one gram — produce irreversible changes in the cell (* tumor 
blastoderm). Therefore, in principle, there is no fully harmless dose 
for carcinogenic substances, because the possibility cannot be ruled 
out that the partial doses inhaled by passive smoking lead to levels 
exceeding the carcinogenic threshold value which perhaps would not have 
been reached otherwise during the life of the patient by summation with 
other carcinogens present in the environment which none of us can fully 
escape, and thus cancer becomes clinically manifest during the lifetime. 
For the same reason, there are no MAC [Maximum Allowable Concentrations) 
for carcinogenic substances either. 

5. Based on these facts the present epidemiological findings > 

are by no means surprising- Hirayama’s study [4] on more than 91,000 

nonsmoking married Japanese women above the age of 40 years should be 

mentioned in particular in this connection. According to this study, 

% 

nonsmoking women married to smokers had more than double the lung cancer 
incidence of women married to nonsmokers. He also found a statistically 
significant relationship between the lung cancer risk of the nonsmoking 
women and the intensity of smoking of the spouses, but no such relation¬ 
ship for other forms of cancer (gastric and endometrial cancers). 

Similar findings were also obtained by Trichopoulos et al. [14] 
in Athens by a totally different methodological approach: When comparing 
the smoking habits of the husbands of 51 women with lung cancer with 
those of 163 women with other diseases, the lung cancer incidence of 
nonsmoking women married to smokers was found to increase, on an average. 
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by a factor of 2.4, and even by a factor of 3.4 when the husband smoked 
more than two packs of cigarettes a day. 

In a subsequent evaluation of the materials of the prospective 
study of the American Cancer Society on the pattern of Hirayama's study 
[4], Garfinkel [3] also found at least a similar tendency, even though 
it was not .possible to demonstrate any statistical significance: When 
taking the age-adjusted lung cancer incidence in nonsmoking wives of 
nonsmokers for 1, the figure rose to 1.37 when the nonsmoking women 
were married to smokers who smoked more than 20 cigarettes a day. 

These findings of Garfinkel, which show the same trend as Hirayama's 
studies, could be plausibly explained when considering the following 
circumstances: The rooms in Japanese wooden houses, especially in the 
country, are known to be very small and have low ceilings. Harmful 
concentrations are reached within a short time due to the small air 
volume; in agreement herewith the risk for nonsmoking women in the country 
was especially high. American homes are, however, not only more spacious 
and; the roams generally bigger, but a higher percentage of them are 
also air-conditioned. As the homes are bigger, the nonsmoking women 
in the United States also have more possibility to withdraw to other 
rooms when they feel excessively bothered by the smoking of their husbands, 
aside from the tobacco smoke concentration being also generally lower. 

Unproportionately High Percentage of Nonsmoking Women with Bronchial 
Carcinoma Live with Smoking Men 

61.5% of the 39 nonsmoking women with bronchial carcinomas in our 
study lived in the same household with smoking men. This percentage 


- 6 - 


Source: https://www.industrydocuments.ucsf.edu/docs/szpxOOOO 


2023513146 



is far higher than was to be expected based on the percentage of smoking 
men in the age groups being considered. 

The data on the smoking habits were obtained' from the family members 
themselves, usually from the husband, in this study as well. As it 
was quasi in the interest of these subjects to supply data, they can 
be assumed to be especially reliable. 

According to the recent "microcensus” of the Statistisches Bundesamt 
[Bureau of Statistics of West Germany] covering 2 million citizens [131, 
38.6% of the men were smokers. The majority is accounted for by younger 
smokers in the age group of 20-40 years. Only 22.4% of the men were 
smokers in the age bracket 50^69 years, i.e. , in the age group which 
includes most of the husbands of our nonsmoking female patients [6]. 

When taking this into account, twice or even three times as many of 
the nonsmoking women with bronchial carcinoma lived together with' smoking 
men than was to be expected statistically, which remarkably duplicates 
Hirayama’s [4] findings in Japan and Trichopoulos 1 [14] findings in 
Athens. 

The fact that 66.6% of the bronchial carcinomas in the nonsmoking 
married women were squamous epithelial and small-cell carcinomas is 
also indicative of the involvement of passive smoking in the development 
of cancer, because the corresponding percentage was not substantially 
higher among the smoking women (80%) . Since —- as was mentioned before — 
occupational exposure to carcinogens and hereditary factors as the cause 
of the increased incidence of bronchial carcinoma in nonsmoking female 
patients are ruled out, it could hardly be disputed that the causal 
involvement of passive smoking in the bronchial carcinomas of the 
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nonsmoking married women' is by far the most plausible explanation in 
our study as well. 

Sufficient Evidence of Health Hazard 

It was demonstrated by Schmidt elsewhere that passive smoking 
— completely regardless of a possible carcinogenic effect — is a true 
health risk [7,8,10,11}. The exaggerated criticism of the results, 
especially of Hirayama [4], must therefore be opposed all the more 
emphatically: The cigarette industry even attempted to make these findings 
appear incredible in full-page ads in leading newspapers in West Germany. 
The chief witnesses were, without exception, members of the Forschungsrat 
Rauchen und Gesundheit der Zigarettenindustrie [Research Council on 
Smoking and Health of the Cigarette Industry] which distributed 20 million 
DM made available by the industry for research purposes during the past 
years without making it public* The inglorious role played by this 
"Research Council" has already been exposed by one of us elsewhere 
[10] in detail. With good reason this can be described as no less a 
scandal than the exposure of the "Neue Heimat". Therefore, the Medical 
Task Force on Smoking and Health passed the following resolution in 
its 1981 annual general meeting in Berlin: 

"The cigarette industry is increasingly misusing the so-called 
Research Council on Smoking and Health sponsored by it to manipulate 
public opinion regarding the question of passive smoking. Therefore, 
we regard the direct sponsorship of research on the problems of smoking 
by the cigarette industry and the financial grants, e.g., even to medical 
journals, bypassing established research institutions, such as the 
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Deutsche Forschungsgemeinschaft [West German Research Association], 
as a serious threat to scientific freedom which comes alarmingly close 
to disguised corruption. Therefore, we urge the West German Federal 
Minister for Science to guarantee, as a minimum, at least the disclosure 
by the cigarette industry of how these millions granted for ’promoting 
research 1 on smoking are used. In addition, the name of the sponsor 
should be indicated in all publications of independent institutes on 
the problem of smoking,, which were sponsored by the cigarette industry.” 

We are pleased; to report that von Btilow, West German Federal Minister 
for Research, has informed the Medical Task Force on Smoking and Health 
on January 27, 1982 that he considered our demands to be justified — 
and not only in this special case — and that he would take them into 
account in his further discussions with prof. Schm&hl. It is also shame¬ 
ful that leading members of the board of directors of Deutsche Gesellschaft 
fur Arbeitsmedizin [West German Society for Industrial Medicine], e.g., 

G. Lehnert and H. Valentin, being heavy smokers themselves, do not shrink 
from turning all principles of preventive medicine upside down and consid¬ 
ering passive smoking only as a nuisance until proof of the health hazard, 
which should be watertight in every respect, is available. According 
to the principles of preventive medicine, any harmful agent whose health 
hazards can be supported with an impressive wealth of data as in the 
case of tobacco smoke in general, should be considered hazardous for 
health even when diluted until the opposite, i.e., the harmlessness 
of passive smoking, is proved. 
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Klinische Fakultdt Mannheim der Universitdt Heidelberg 

Passivrauchen als Lungenkrebs- 
ursache bei Nichtraucherinnen 


Zusammenfassung 

In einer Studie an 792 Bronchial - 
karzinompatienten beiderlei Ce~ 

\ schlechts aus dan Raum Mann¬ 
heim-Ludwigshafen-Heidelberg 
warden unter 59 Lungenkrebspa- 
dentinnen 39 Nichtraucherinnen ge- 
funden . 61^5% von ihnen hasten in 
hauslicher Cemeinschafi mis Rau- 
chem gelebu Das ist nahezu das 
D re if ache von dem, was aufgrund 
der Rauchgewohnheiten der Manner 
jin den betreffenden Altersgruppen 
zm erwanen war. Da Hinweise auf 
berufliche Kanzcrogenexposition 
ebensowtnig erminelt werden konn - 
ten wie erbliche Faktoren, wird das 
Passivrauchen fur den hohen Ameil 
an Nichtraucherinnen bei unsertn 
Bronchialkaninompatientinnen als 
die mit Abstand naheliegendste Er• 
kid rung betrachtet, zumal der Anteil 
art Plattenepifhel - and kJeinzeUigcn 
Karzinomen . die als typische Rau- 
cherkrebse gelten , mix 66,6% gegen - 
uber 80% bei den Raucherinnen 
nicht wesentlich niedriger lag . Als 
weitere Stiitze dieser Interpretation 
tvird auf dJtnliche Befunde in der Li- 
teratur hihgewiesen, die dieses Er- 
gebnis keineswegs als uberrascherul 
erscheinen lassen. 


In einem vorangegangenen Be it rag 
(Med. Klin. Prax. 1/1983) waren wir 
in einer Studie an 792 Lunge nit re bs- 
patienten der Frage nachgegangen, ob 
^Leichtraucben* 4 (Rauchen von Fil- 
terzigaretten) das Lungenkrebsrisiko 
vermindert, und hatten mindcstens 
fiinf Indizien dafur gefunden, dafl dies 
nicht der Fall ist. Da bei stietten wir 
jcdoch auf etnen weiteren bcdcuisa- 
men Befund, der eine nahcrc Analyse 
erforderlich machtc: Wahrcnd 97,3% 
der 733 mannlichcn Bronchialkarzi- 
nompatienten Raucher waren, fanden 
sich unter 59 Frauen mit Lungcnkrebs 
39 Nichtraucherinnen, also mchr als 
die Halfte. Da wir Hinweise auf be- 
aondere berufliche Kanzcrogcnexpo- 
sition weder bei den Manncm mil 
Lungcnkrebs noch bei den Frauen cr- 
mittcln konnten -'47,1% der Bron- 
chialkarzinompatientinncn iibtcn als 
Hausfrauen kiberhaupt keinen Bcruf 
aus, 23,5% waren in ungclcmtcn Bc- 
mfen tatig und 17,6% waren Angc- 
wellte —, ergab sich die Frage. welchc 
wcitcrcn Noxcn fur den besonders ho¬ 
hen Anteil von Nichtraucherinnen in 
unscrcm weibliehen Paticntcngui in 
Frage kamcn. DaB allgcmcine Luft- 
verunreinigungen als Bronchialk rebs- 
urxachc a I ten fa I Is cine Ncbcnrollc 
spiclen. hat im iibrigen Ulmer [15] 
fcoeben crncul in einer sorgfahigen 
Studie aus Nordrhein-Westfalen ge- 
zcigl. 

HirLsichtlich der Mcth(K_!ik verweisen 
wir auf unscrc fruhcrc Publikalion |5|. 
Erbfaktorcn xchtcdcn schon atlein 
deshalb aus. weil tier starkc A^ticg 


des Broochtaikarzinoms auch bei 
Frauen eine gravicrende Anderung 
der erblidien Zusammensetzung in 
tahlreichen Undent in den lemen 
Jahrzehnten erf or dem wurde. Auch 
dafur Begt kein Anhalupunict vor 
112 ). 

Im Hinblick auf die aufsehenerregen-. 
den Befunde von Hirayama [4] und 
Trichopoulos et al. [14] wandten wir 
deshalb unsere besondere Aufmerk- 
lamkeit den Rauchgewohnheiten der 
Ehegatten und anderer in hauslicher 
Gemeinschaft mit den nichirauchen- 
den Lungenkrebspatientinnen leben¬ 
der Angehorigcr zu. 

Schon 1979 veroffenttichte Schmidt in 
der MEDIZIN1SCHEN KLIN1K cine 
umfassende Obemcht uber Zwangs- 
rauchen und Krebs [9]. In dieser 
Ubersicht stellte er unter andcrem 
mchr als 40 krcbscrzcugcndc Stoffe 
tabcllarisch zusammen, die bishcr im 
Tabakrauch nachgewtcscn wurden. 

Kanzerogengehalt 
im Nebenstromrauch 
be sonde rs h och 

Die Moglichkcit einer krebserzeugen- 
den Wirkung nicht nur dcs Aktiv-, 
sondem auch dcs Passtvrauchcns UiOt 
sich aus folgcndcn Grtindcn mit wis- 
scnscha ft lichen Argumcntcn nicht 
mchr best re i ten : 

t. Der groCtc Teil der crwiihnten uber 
40 krcbscr^cugcnden Stoffe dcs 
Tabakrauches gcht mil dem Nebcnr 
strom in die Umgcbungsluft. wo ihn 
rwangsliiufig auch der Pavsivrauchcr 
cinatmen muB. Der Nebenstromrauch 
unterscheidct Kieh vc*m Hauptstrom- 
rauchj, den der Raucher selbsl bcim 
Ziehen an ilcr Zigarctte inhaliert. 
nicht quulitativ. sonde rn lediglieh 
quantitativ Das Gesundheitsrisiko 
des Passivrauchenv stcht demnach ini 
unmiuclbarcr Bezichung zu den Gc- 
sundlicitsgcfahrcn dcs Rauchens 
selbsl ScliiM* die schwcren Gestintfr 
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ten einleuchtend erklart werden: Die 
Wohnraume in den japanischen Holz- 
haaschen. speziel! auf dem Land, Kind 
bekanntlich sehr klein und niedrig. 
Dutch ihr geringes Luftvolumen wer¬ 
den hier bedenkliche Konzentrationen 
schon nach kurzer Zeit erreichi; in 
Obereinstimmung damit war die Ge- 
fahrdung der nichtrauchenden Ehe- 
frauen auf dem Land besonders hoch. 
Die amerikanischen Wohnungen sind 
dagegen nicht nur geraumiger und die 
Zimmer im Durchschnitt grower, son- 
dem auch in einem hohen Prozentsatz 
klimatisiert. Durch die groBeren Woh¬ 
nungen hat zudem eine nichtrauchen- 
de Ehefrau in den USA, die sich durch 
das Rauchen ihres Gatten zu stark be- 
lastigt fiihlt. neben der ohnehin gc- 
nngeren Tabakrauchkonzentration 
auch noch eher die Moglichkeit. in an- 
derc Wohnraume auszuweichen. 

Niehtrauchende Bronchial- 
krebspatientinnen leben 
uberproportional haufig 
mit Raochern zusammen 

Von den 39 nichtrauchenden Bron¬ 
chia Ikarzinompatieminncn unsercr 
Studic hatien 61.5% in hauslicher Gc- 
mcinschaft mit Rauchcrn gclcbt. Das 
ist wei! mchr. als aufgrund dcs Antcils 
rauchcndcr Manner in den in Bctrucht 
kommenden Altersgruppen zu erwar- 
ren war. 

Die Angaben iiber die Rauchgcwofm- 
heiten stammten auch hier von den 
Famtliennngehorigen sefbst, in der 
Regel vi>m Ehemann. Da sic quasi in 
cigener Sachc gegeben wurden. ilarf 
man unnehmen. daLV diese Angaben 
besonders zuvcrlassig sind. 

Nach dem letzten Mikrozcnsus des 
Slat ist isehen Bundesamtcs an /wei 
Miliioncn Bundesburgern [ I!31 ranch- 
ten 3K.6% dcr Manner. Den Haupt- 
antcil stcllcn dabci die jiingeren Rau- 
cher in der Altcrsgruppe von 20 bis 40 

58 


Jahren. 1m Alter von 50 bis 69 Jahren 

- der Altersgruppe, die vorzugsweise 
als Ehemanncr fur unsere Patientin- 
nen in Betracht kommt - rauchten so- 
garnur noch 22,4% der Manner [6J. 
Stelk man dies in Rechnung, lebten 
von den nichtrauchenden Bronchial- 
karzinompatientinnen doppelt Oder 
sogar dreimal so vide mit Rauchcrn in 
hauslicher Gemeinschaft, als stati¬ 
st isch zu erwarten war - eine bemer- 
kenswene Parallele zu den Bcfunden 
von Hirayama [4] in Japan und Tri- 
chopouios [ 14) in Athen. 

Fur die Beteiligung des Passivrau- 
chens an der Krebsentstehung spricht 
in unscrer Studie auch, dafi 66,6% der 
Bronchialkarzinome bei den nichtrau¬ 
chenden Ehefraucn Plattenepithel- 
und kleinzclligc Karzinomc waren; bei 
den Raucherinncn waren cs mit 80% 
nicht wescmlich mchr. Da - wic schon 
erwiihnt - beruflichc Kanzcrogencx- 
position und Erbfaktoren als Ursa- 
chen fiir das gchauftc Auftrctcn von 
Bronchialkrcbs bei nichtrauchenden 
Patientinncn ausscheidcn, durftc 
kaum zu leuenen sein: 

Eine ursachliche Beteiligung di;s Pas- 
sivrauchens an den Bronchialkarzino- 
mcn der nichtrauchenden Ehefraucn 
auch unsercr Studie ist die mit Ab- 
stand cinlcuchicndstc Erkliining. 

Gesundheitsschadlichkeit 
ausreichend bewiesen 

An arulcrcr Sidle wuirdc von Schmidt 
nachgcwicscn. dull das Passivrauchcn 

- vollig unahliungig von cincr cvcntu- 
cll krehserzeugenden Wirkung - ein 
cchles Gcsundheitsrisiko darstclll |7. 
K. 1:0, I 11 Mit urn so grdUercm Naclv- 
druck mu LI deshalb tier dberspitztcn 
Kritik an den Ergcbnisscn: besonders 
von Hirayama |.4| entgegengeueten 
werden: Die Zignrcilcnindustric ver- 
suchtc sogar durch gan/seitige Anzci- 
gen in fuhrenden Tagcszoit ungen der 
Bunitesrepublik Deutschland diese 


Befunde als unglaubwiirdig hinzustcl- 
len. Kronzeugen waren dabci aus- 
nahmslos Mitglieder des Forschungs- 
rates Rauchen und Gesundheit der Zi- 
garettenindustric, der in den letzten 
Jahren - ohne Offenlegung - 20 Mil- 
iionen DM an Forschungsmirtclh ver- 
teiltc. die von der Industrie zur Verfu- 
gung gcstelk wurden. Auf die un- 
ruhmliche Rollc dieses „Forschungs- 
rates" ist einer von uns an andercr 
Stelle [10] im Detail eingegangen. Mit 
guten G run den kann man dies als ei¬ 
ne n nicht minder groBen Skanda! be- 
zeichnen wic die Enthullungen um die 
„Neue Hcimar*. Schon 1981 verab- 
schiedctc deshalb der Arztlichc Ar- 
bcitskreis Rauchen und Gesundheit 
auf seiner Jahreshauptvcrsammiung in 
Berlin dazu folgendc Resolution: 

^Dic Zigarcttcnindustric miBbraucht 
den von ihr finanzicnen. sogcnnnntcn 
Forschungsrat Rauchen und Gesund¬ 
heit mchr und mchr dazu. die dffcntli- 


che Mcinung in der Frage des Passiv- 
rauchens zu manipulieren. Wir erblik- 
ken deshalb in dcr direkten For- 
schungsfdrderung zur Problematik des 
Rauchens durch die Zigurctlcnindu- 
strie und in finanzicllcn Zuwendun- 
gen, z. B. auch an medizinische Zeit- 
schriften. unter Umgchung bcwahrter 
Forschungseinrichtungcn wic dcr 
Deutsche n Forschungsgcmeinschaft. 
eine ernsthaflc Bedrohung der Frci- 
heit dcr Wissenschaft. die cincr gc- 
tarnten Korruptii>n bedenklieh nahe- fo 
koninit. Wir fordern deshalb Jen IVun - 1 
deswivsenschaftsmininter auf. als Mi¬ 
nimum cine Offenlegung ilcr Vcrwcn- L - 
dung dicscr Millioncnhetriigc 
.ForNchungvfcirilcrung' iilx'r das R.tu-wl 
then durch die Zigarcucnindiistric si-^ ,, ^ 
chcr/ustcllcn. Fcrncr »si fur allc V'cr-^J 
dffcntliclnmgcn unabhiingiger Insntu-^^ 
tc zur Problematik dcs Rauchens. dhryi 
durch die Zigarel ten Industrie gefdr-a^» 
dert wurden, ein Htnwcis aui detr v 
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hcitsschiden, mit denen der „aktive“ 
Raucher rechnen muB, roachen es von 
vomherein hochst unwahrscheinlich, 
daB das Zwangsrauchen nur cine Be- 
lastigung scin solfte. Zwar inhaliert 
der Passivraucher den Tabakrauch 
mehr oder weniger verdiinnt; die Be- 
deutung dieses Verdiinnungsfaktors 
wird jedoch schon dadurch wesentlich 
reiativien, daB der Schadstoffgehalt 
des Nebenstromrauches gerade an 
Kanzerogenen viel hoher isi ais der 
Gehalt im Hauptstrom, den nur der 
Raucher selbst einatmet. 

2.1m Tierexperiment ist die kanzero- 
gene Wirkung des Passivrauchens ein- 
deutig gesichert. SogaT im For - 
schungstnstiTut der Deutschen Ztga- 
rettenindustrie selbst entwickelten et- 
wa 10% der verwendeten Goldham- 
ttcr Kehlkopfkarzinome; nach einer 
US-Studie waren es sogar 20%. Die 
Lungentumorrate konnte in dispo- 
nierten Mausestammen durch Passiv- 
muchcn zum Teil bis auf 91% gestci- 
gert werden (Literatur bei [9]). 

3 Besondcre Bcachtung verdienen in 
diesem Zusammenhang die mehr a!s 
ein Dutzcnd im Tabakrauch nachgc- 
wtesenen Nitrosamine sowohJ in qua* 
litativer ah auch in quantitativer Hin- 
aicht. Ein I ppm (« pars per million) 
da von gill bereits als potentiell kanze- 
rogen. Allc - mchr als 20 - bishcr un- 
(ersuchtcn Tierarten reagierten auf 
Nitrosamine ausnahmslos mil Tumor* 
bildung. Wir mussen deshalb anneh- 
men. daB Nitrosamine auch bcim 
Menschen Krebs erzeugen. 

Von besonderer Bedcutung isr weitor- 
hin, daB gerade der Nitrosamingehult 
im Tabakrauch so hoch ist, daB das 
Rauchcn als die wichtigste exogene 
Nitrosaminqucllc in unscrcr Umwell 
iiberhaupt gelten muB. Erschwerend 
fiillt da bei ins Gewicht, daB der Ni- 
trosamingehalt im Nebcnstrom nach 
Brunnemann et al (1,2] bis zu 50mal 
hoher ist ais im Hauptstrom, den nur 
der Raucher selbst einatmet. Durch 
diese besonders stark erhohte Nitros- 


aminmenge im Nebcnstrom wird der 
Verdunnungseffekt so stark reiati¬ 
vien, daB - nach den gleichen Auto- 
re n * die Nitrosaminaufnahme von 
Passivrauchem in stark verqualmten 
Raumen Wene erreichen kann, die 
dem Gehalt im Hauptstrom von bis zu 
30 Zigaretten sttindlich entsprechen! 
Der Nitrosamingehalt im Nebcnstrom 
des Tabakrauches ist zum Beispicl 
mindestens tauscndfach hoher ah im 
Bier oder als im Aminophenazorn ei- 
nem ansonsten bewahrten Medika- 
ment, das wegen winziger Nitrosamin- 
spuren aus dem Vcrkehr gezogen wur- 
dc. oder auch als die Hdchstwerie. die 
ktirzlich in der Nitrosamimcrordnung 
fur Babyschnuller fcstgclegt warden. 

Eine unschadliche Dosis 
gibt es nicht 

4. Kanzcrogenc unterscheiden sich 
von anderen Gif ten durch ihre ausge- 
pragtc Summationswirkung. Die ein- 
zelhcn Tcildi^scn addicrcn sich bis zu 
einem kritischcn Schwellenwen. dcs- 
sen CJberschrcitung in der Regel zur 
klinischen Manifestation des Krebses 
fiihn. Schon winzige Doscn - I mil- 
lionstel Gramm rcicht dazu schon aus 
- hinterlassen demnach cine irreversi¬ 
ble Verandcrung in der Zellc (* Tu- 
morkcimanlagc). Eine vollig unschiid- 
liche Dosis gibe es deshalb fur krebscr- 
zeugende Stoffc grundsatzlich iiher- 
haupt nicht. weil'die Mdgliehkcii nicht 
ausgescHIosscn werden kann. daB die 
durch Passivrauchcn aufgcnommcncn 
Partialdosen durch Summation mil 
anderen Kanzerogenen in unverer 
Umwell. denen sich keiner von uris 
ganz entZiehen kann. dazu fiihren, daB 
der krebserzetigende Schwcllenwcrt. 
der sonst zu Leb/eiten des Patienten 
viclleieht nicht erreiehi worden ware, 
durch Vorvcrlagerung iiberschritten 
und somitder Krebs zu Lchzeitcn kli- 
nisch manifest wird Aus ebendicscm 
Grunde gibt es fur krebserzeugende 
Sioffc auch keinc MAK-Werie. 


5. Lcgt man diese Gegebenheitcn zu- 
grunde, erscheinen die vorliegendcn 
epidemiologischen Uniersuchungen 
keineswegs unerwartet. Besonders ist 
in dicscm Zusammenhang die Studie 
von Hirayama [4] an mchr als 9I0()0 
nichtrauchenden japanischen Ehc- 
frauen im Alter von mehr ah 40 Jah- 
ren zu nennen. Nichtraucherinncn 
zeigten danach eine mchr ah doppeit 
so hohe Lungenkrebsrate, wenn sie 
mit einem Raucher, statt mit einem 
Nichtraucher verheiratet waren. Dar- 
iiber hinaus fand er eine staiistisch si- 
gniHkante Relation des Lungenkrcbs- 
risikos der Nichtraucherinncn zur fn- 
tensitat des Rauchcns des Ehcgattcn. 
nicht aber fiir anderc Krebsformen 
(Magen- und Gebarmuttcrkrebs). 
Glcichsinnigc Befundc erhoben auch 
Trichopoulos ct al. (14| in Athcn mil 
einem vollig anderen methodischen 
Vorgehen: Bcim Vergleieh der 

Rauehgewohnheiten der Ehcgattcn 
von 51 Paticntinnen mit Lungenkrebs 
mit denen von 1163 Frauen mit ande¬ 
ren Krankheitcn stieg die Lungen- 
krebsratc mit einem Raucher verhei- 
rateter Nichtraucherinncn im Durch- 
schnitt auf das 2.4fache und - wenn 
der Ehcmann mchr als zwei Piickehen 
Zigaretten tiiglich rauchte - s*>gar auf 
das 3.4fache. 

Zumindest eine gleiche Tcndenz - 
auch wenn sic sich nicht statistisch si- 
chern lieB - fand Garfinkel [3| bet der 
nachiragliehen Auswertung der Un- 
lerlagen tier Pr«»v|>ektivstudic der 
American Cancer Strictv nach dem 
Muster der Studie von Hirayama |4|; 
Sctzt man die altersbenchligie Lun¬ 
genkrebsrate nichirauchcnder Ehe- 
frauen von Nichtrauchem mil I an. 
stieg sie auf 1.37. wenn die Niehirati- 
cherinnen mil einem Rancher verhei¬ 
ratet waren. der mchr als 2^ l Zigarct- 
len taglieh rauchte. 

Diese trendmaBig iihnlichen Befumlc 
von Garfinkel wie in der Untervu- 
chung von Hirayama kdnnten bei Bo- 
rucksiebtigung folgcnder Gcgcbenhci- 
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lichen Arbeitskreis Rauchen und Ge- 
sundheit am 27. I. 1982 mit, daC er 
unsere Fordemngen grundsatzlich — 
und nicht nur in diesem speziellen Fall 
- fur berechtigt halt und sie bei seinen 
wetteren Diskussionen mil Prof. 
Schmahl beriicksichtigen wird. Be* 
schamend ist auch, daO fiihrende Vor- 
standsmitglieder der Deutschen Ge- 
selischaft fur Arbeitsmedizin, zum 
Beispiel G. Lehnert und H. Valentin, 
sich als Starke Raucher nicht scheuen. 
aNe Prinzipien der Praventivmedizin 
auf den Kopf zu stellen, und das Pas- 


sivrauchen nur als Beiastigung gelten 
lassen woilen. solange keine in jeder 
Hinsicht hieb- und stichfeste Beweise 
fiir die Gesundheitsschadhchkeit vor- 
begen. Nach praventivmedizinischen 
Grundsatzen hat jede Noxe, fur deren 
Gesundheitsschadlichkeit ein so er- 
driickendes Beweismaterial vorgelegt 
werdtn kann wie ftirTabakrauch prin^ 
zipiell. auch bei Verdiinnung von 
vomherein so lange als gesundheiu- 
schadlich zu gehen, bis umgekehrt der 
Nachweis vorgekgt wird. daB Passiv- 
rauchen unschadlich ist. 
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Fiir die Verfaster: Prof. Dr. F. Sift mutt. 
ForschungsstcUc fur preventive Onko- 
logic. Klinixche Fakidtiit Mannheim tier 
Universitiit Heidelberg. Maybachstrafic 
(4—16. D-6*HOO Mannheim l . 


Summary: Passive smoking as a causal factor of bronchial carcinoma 
in female non-smokers 


In a study on 792 patients with bron¬ 
chogenic carcinoma of both sexes in 
the region Mannheim-Ludwigs- 
hafen-Heidclberg 59 female bron¬ 
chogenic carcinomas were found 39 
of them appeared in non-smoking 
female patients. 61,5% of them had 
lived in domestic community with 
smokers. This is nearly the threefold 
as could be expected on the basis of 
smoking behavior of men in the 
respective groups of age. Suggestions 
on professional exposition to can- 
cerogenic substances could not be 
found just as little as references to 


hereditary factors. Passive smoking 
is by far the obvious interpretation 
for the high share of non-smokers in 
our female patients with bron¬ 
chogenic carcinoma the more so 
since the percentage of squamous 
cell and small-cell carcinomas which 
are valid ns typical carcinomas of 
smokers, did not lie essentially lower 
in our non-smoking wives (66.6%) 
in comparison to female smokers 
(S0%). As a further support of this 
interpretation is refertd to similar 
results in the world literature proving 
our findings as not surprising. 
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TITE LANCET.DECEMBER 3. 1983 


The risk ratios for passive smoking can be surprising v high (up to 
2 or 3), as reported both bv Correa et al and others. 6 These risk 
ratios would be more consistent with those found for active 
smoking, particularly among women, if the active smoker is at 
greater risk also from his or her own passive smoke, again through 
the absorption, of radioactivity on the smoke pamcies passivtlv 
inhalfcd; aiio the relatively higher toxicity ofthe sidestT cam smoke 8 * 10 
might be important. 11 These and other aspects (eg, the urban-rural 
difference in lung cancer risk from smoking) are more thoroughly 
discussed elsewherein the context of indoor radon daughters. 
Finally, in view of the long latency periods observed among miners 
acquiring lung cancer from radon daughter exposure, 11 one might 
suggest that the children of smoking mothers obtain an early 
exposure to increased levels of radon daughters at home and that 
smoking later m life promotes the development of lung cancer. 


Department of Occup*i»o*v»l Media nc. 
Uat**r»rtir Hospital. 

S-SJ1 tVUnfcop"\i. Sweden 


Haks Bergman 

Olav AXELSON 


LUNG CANCER AND PASSIVE SMOKING 

Sir,— 1 was surprised to read, in Professor Tru±opouios and 
colleagues’ letter (Sept 17* p 677), a German study of passive 
smoking and lung cancer described as having yielded ‘‘positive*’ 
results. The paper died 1 contains only tentative conduuons based 
ma poor data analysed by unacceptable methods. 

I was also surprised that the findings from the Greek hospital 
study of passive smoking and lung cancer were almost identical I to 
those reportedTwo years ago? despite a substantial increase in the 
numbers of cases and controls. In the I9B1 reporr rise relative risks 
of lung cancer for non-smoking women were V, V 8, 2*4, and 3*4 
according to whether their husbandi did not smoke, were ex- 
smokers, or were current smokers of 1-20 or 21 or more agarenes a 
day, the updated relative risks are 1,1- 9,2 - 4, and 3-4, respectively. 

In the 1981 paper the relative risks agreed exactly with the 
appropriate cross-product ratios calculated from the numbers of 
cases and controls in the relevant'category for husbands’ smoking. 
In the latest results, despite the method being apparently identical, 
there is a dear disagreement between the relative risks provided by 
Trichopoulos et al and those I calculate (see tabid). 


RELATIVE RISK OF LUNG CANCER ACCORDING TO SMOKING HABITS 
OF HUSBAND 





Ggaretics per div 
(cuaent smokers) 

Group 

Non-smokers 

Ex-smokers 

1*20 


RR (quoted). 

1-0 

1 1,-9 

1 2 * 4 

3-4 

RR tea leu laird) 

10' 

1*9 

] 1-4 

2-5 


R<btivr ml • rsito « nil rt lunt C 3 t*.vf: junonc »vw»x-rv whew, huvOjfwK be toot in i 
p*ntcul»( vmokmp cucccwv in ifui jmons: *nnK 1 > hIwx huvT'jrwiv mk rmn-vmolu-rv 


My calculations suggest that the latest data do not show 2 S clear an 
aaaoQation berween a woman’s lung cancer risk with her husband's 
amokmg habits as the earlier data didi Indeed, relative risks 
calculated from the additional data aTe 1,2*0, 1 * 8, and 1 * 8 and do 
wot show the do*e-response reianoo seen earlier. This doubt, added 


8 Htnvmma T Soivimolmf «-im of ha»v imoitri K*»t * hifhd.nt* otlinnf anctr i 
«udv from }*p»n B* MtJ J 1981.212: 185^85 

t Tricbopouto* D, K.xiarvd*dj A. SpurTM L NUcMjhon B Lung atacxi and p*tiiv» 
tnvoAinf Imt J Corner* \ 981L 27: 1-4 

10 Svirfroo General The halibconvrqucnccv ofimot.n? Oncer. 'I uiuof rcm. DC US 

Drpr of H tali tv. Education arvd 1982. DHHS (PH5> 82 ~ SO I T 9 

11 Stock SL Paa»iv< wnotuit. and luftf; cancer. LLifW.-r 1982. t 1014-15 

I 2 Aaelvon O Room lot a role for radon id lung cancer cauvauon MtJ un preut 

l ) Aie I von O. Sundell L. Mrninf. !un| cancer and v mown |. V ar* £»m*T'»* H. jit* 

1978. 4: 40^52 

\ Krvmh A. Bdhn H. Scfimijt F PaiarvTauchen ab Lunfcnltetnurvj,-hi h*i 
NiCihirgutherinnen Al. 1 J A7i». 1981. 74; >4 - 

2. Tricnorouiot 0• K.jJandtdi A. Sparrov I_ MxMmon B Lunc cance:: and. paimc, 
tmottni H n 7'C-i«».'r 1981.27: Ir4 


doubts about the histological evidence and the use of cases and 
controls from different hospitals (limnat ions which Trichopouios et. 
al concede), prompts one to ask if the studv really does add to the 
^^vsdence implicating passive smoking as a factor in lung cancer. 

Institute oT'Siaicafha; 

I'flivenuv ot Kjr laruhc. 

D- 7 SOG Kartirubc I. U cm German\ Wolf-Dieter Heller 


POTASSIUM CHLORIDE SUPPLEMENTS 

Sir,— As VOUT Round the World correspondent predicted, 11 the 
US Food and Drug Administration advisory committee meenng of 
March 2 on the controversy of wax-matrix versus 
microencapsulated potassium chloride preparations proved 
inconclusive, A few points about this controversy are worth noung. 

The study by McMahon et al, : showing a favourable result for 
‘Micro-K* (A H. Robins) in comparison with ‘Slow-K’ (Gba- 
Gcigy) was sponsored by Robins. The study by Patterson et al, J 
showing no difference between micro-K and slow- K, was sponsored 
by Ciba-Geigy, Both studies have been confirmed by other studies 
sponsored by the respeaive company. 

Oba-Geigy* while denying that slow-K u more ulcerogenic than 
micro* K, has bought from Alfred Benxon Ltd, Denmark, a licence 
for ‘K-alinorm*, a microencapsulated (pellet) preparation of KG 
similar (or identical) to micro*K. U seems remarkable that Gba- 
Gcigy is planning to market this preparation when, according to 
Ciba-Geigy’s US subsidiary, “Slow-K has an established clinical 
record unparalleled by any other solid K supplement”. 

It seems that, privately, Gba-Geigy, has concluded that kalmorm 
is as good as micro-K, and that it is better than slow-K, but they 
would presumably consider it scientifically inconea to conclude 
that micro-K is better than slow-K. 

Finally I would emphasise, as your RTW correspondent did, that 
dbetors should “re-evaluate the decisive need for a potassium 
supplement and, if the indication is clear, prescribe it as a liquid’’. 
The findings of Patterson et al 3 clearly support this. 

Furuluirn 27. 

S-OH4Pinilk.S««dtn OULE HaNSSON 


•/This letter, has been shown to Dr Burley, whose reply 
follows.—E d. L. 

Sir,—O ne of the main reasons why slow-relcasc formulations of 
potassium were developed was the unacceptability of liquid 
potassium. Indeed^ Patterson et al* reported that KCP elixir was 
poorly tokrated in their trial, giving rise to abdominal pain and 
heartburn in 9 of the 15 volunteers (60%). Dr Hansson omits to 
mention this. The issue is therefore whether the risk/benefu ratio of 
‘Slow 1 K’ is acceptable. There are eighteen years of clinical 
experience w*iih slow R in the UK, during which over 4* 5 million 
patient-years of treatment has been prescribed: with ‘Micro'K’ 
formulations there is almost no clinical experience. Less than 50 
cases of significant alimentary side-effects have been reported with 
slow- R. and some of these were manifestly brought about by 
previous strictures or oesophageal obstruction due to cardiac 
enlargement. It would be hard to point to a comparable safety record 
with .any other widely used drug. The fact that a company may be 
investigating or pursuing alternatives is an indication of interest and 
involvement in the area, and should not be interpreted as a loss of 
confidence in an existing product. 

Cib»-Gc*cv Ptumnam/ucalv: 

Honfum. « esi Suuci DENIS BARLEY 
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PASSIVE SMOKING IN ADULTHOOD AND CANCER RISK 1 

DALE P. SANDLER. RICHARD B, EVERSON and ALLEN; J; WILCOX 

Sandler, D. P. (National Institute of Environmental Health Sciences, Research 
Triangle Park, NC 27709), R. 8. Everson and A. J. Wilcox. Passive smoking in 
adulthood and cancer risk. Am J Epidemiol 1985;121:37-46. 

Overall! cancer risk from adult passive smoking has been examined using 
smoking by spouse as the measure of exposure. Information on smoking by 
.spouse was obtained for 518 cancer cases and 518 noncancer controls. Cancer 
cases were identified from a hospital-based tumor registry in North Carolina. 
Cases included all sites except basal cell cancer of the skin and were between 
the ages of 15 and 59 years at the time of diagnosis. Cance r risk amonffl 
Ihdivfduirs^ was 16 1 timei^Waf 

by 



confounding b.^undlkidui&rhokii 


*re not 

Ted^tumbrs. Risks from passive 
smoking appeared greater, among groups generally at lower cancer risk (females, 
nonsmokers, and individual^ younger than age 50 years), but were not limited to 
these groups. 


neoplasms; risk; smoking; tobacco smoke pollution 


Passive exposure to cigarette smoke has 
been linked with a variety of health conse¬ 
quences in humans, including bronchitis 
and pneumonia in infants (1), reduced pulL 
monary function (2): and acute respiratory 
disease in children (3-5), and decreased 
airway function m otherwise healthy adults 
(6). Several reports have also focused atten¬ 
tion on a possible association between pas¬ 
sive exposure to cigarette smoke and lung 
cancer (7-10). 
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In a case-control study by. Trichopoulos 
and colleagues (7), 51 white females with 
lung cancer and 163 controls from an or¬ 
thopedic service were compared with regard 
to smoking histories of husbands. Women 
who were not smokers but were married to 
smokers were at two- to threefold risk for 
lung cancer compared with nonsmoking 
women, who were not married to smokers. 
An updated report of this study involving 
77 nonsmoking lung cancer cases and 225 
nonsmoking controls confirmed the two¬ 
fold risk among passive smokers (8). In a 
prospective study from Japan, Hiravama 
(9);observed!245 lung cancer deaths among 
91,000 married women. The lung cancer 
death rate for nonsmoking women married 
to smokers was nearly twice that for non¬ 
smoking women married to nonsmokers 
and was one-half: that for women who 
themselves smoked. Emphysema was the 
only other cause of death to exhibit such a 
pattern, although the trend was not statist 
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tically significant. Most recently, Correa et 
al. (10) reported a twofold risk for lung 
cancer among nonsrookers married to 
smokers. In contrast, analysis of data from 
an American Cancer Society study in the 
United States failed to demonstrate an as¬ 
sociation between passive exposure to cig¬ 
arette smoke and lung cancer risk (ll)i 

Many of the constituents of mainstream 
cigarette smoke which is actively inhaled 
by the smoker are present in reduced quan¬ 
tity in exhaled smoke (12) which is then 
passively inhaled by the nonsmoker. These 
same constituents are also contained in 
sidestream smoke which is released from 
the cigarette between active puffs and is 
also inhaled by the passive smoker. One 
might expect to find, as did Hirayama (9) 
for lung cancer, that for smoking-related 
sites, the cancer risk in individuals pas¬ 
sively exposed to cigarette smoke might fall 
between that for smokers and that for non- 
smokers. Risk from passive smoking might 
also be expected to be much lower than that 
from direct smoking. 

However, some chemicals appear in 
higher concentration in sidestream smoke 
than in mainstream smoke, making the ex¬ 
posure from passive smoking qualitatively 
different (12,13). The health consequences 
from passive smoking may, therefore, differ 
from those of direct smoking. These chem¬ 
icals, many of which are known carcino¬ 
gens, might lead to increased risk for cancer 
at sites not shown to be related to direct 
exposure to cigarette smoke. In comparing 
sidestream with mainstream smoke, Brun- 
neraann(in refs. 12 and13) found 52 times 
as much dimethylnitrosamine, 16 times 
as much naphthalene, 28 times as much 
methylnaphthalene, 3.4 times as much 
ben 20 (a)pyrene, and 5,6 times as much tol¬ 
uene, for example, in sidestream smoke as 
in mainstream smoke. While the concen¬ 
trations of these chemicals are higher than 
in mainstream smoke, actual exposure from 
passive smoking is heavily influenced by 
the amount of smoke generated, the volume 


of ambient air, room ventilation and the 
manner in which the cigarettes are smoked. 

Differences in the route of inhalation of 
sidestream and mainstream smoke might 
also account for differences in site-specific 
effects. Wynder and Goodman (14); for ex¬ 
ample, have proposed that if sidestream 
smoke components are inhaled;through the 
nasal passages, gaseous components but 
not smoke particulates would reach the 
lung. 

As a preliminary exploration of the hy¬ 
pothesis that passive exposure to cigarette 
smoke may be carcinogenic,, we examined 
adult passive exposure to cigarette smoke 
in relationship to cancers of ail sites. Since 
active and passive smokers may differ in 
the mix of carcinogens to which they are 
exposed, it is not obvious which'sites might 
be at highest risk of cancer among passive 
smokers. Since active smokers are also pas^ 
sively exposed, candidate sites might be 
drawn from those that have been linked 
with active smoking. Hbwever, there may 
be additional sites whose relationship u 
smoking has been obscured. In studies com 
paring smokers with nonsmokers, passive 
smokers are often included in the non 
smoking group. This would make it difficult 
to detect small differences in risk due tt 
passive smoking. We report here on cance 
risk from passive smoking using smokinn 
histories of spouses as a measure of passiv. 
exposure to cigarette smoke during adult 
hood. 

Methods 

Data reported here are from a study c 
childhood exposure to cigarette smoke an 
cancer risk in adulthood (29):. Cases fc 
study were selected from the hospital-base 
tumor registry at the North Carolina Men 
orial Hospital of the University of Ndrt 
Carolina in Chapel Hilll They included a 
cases diagnosed between July 1, 1979 an 
March 31, 1981 and assumed to be alive £ 
of March 31, 1981. Cases were between tfc. 
ages of 15 and 59 years at the time < 
diagnosis and included all cancer sites e: 
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cept basal: cell cancer of the skin. Cases 
were restricted to this age group to maxi¬ 
mize the likelihood of also detecting effects 
from childhood exposure to cigarette 
smoke. Individuals older than 60 years in 
1981 are not likely to have had mothers 
wha smoked. Patients with multiple pri¬ 
mary tumors were included only if the first 
primary tumor was diagnosed during the 
study period. 

Cases were mailed: a questionnaire for 
self-completion. This mailing was followed 
by a second mailing and then a telephone 
call if needed: In addition to questions on 
exposure to cigarette smoke, cases were 
asked to identify friends or acquaintances 
who did not have cancer to serve as com¬ 
parison subjects. These friends were the 
same race, sex, and age (i±5 years)! as the 
cases. Approximately 60 per cent of the 
controls were identified in'this manner. For 
cases for whom friend controls were not 
successfully obtained; population controls 
were identified by systematic telephone 
sampling. Beginning with the telephone 
numbers of the. cases, the next higher or 
lower telephone numbers were called until 
individual^ of the same race, sex, and age 
(±5' years) were founds For cases inter¬ 
viewed by telephone, the calls to identify 
controls were made at the same time of day. 
For cases contacted:by mail, telephone con¬ 
trols were chosenduring randomly assigned 
times of day. 

Of 740 eligible cancer cases identified 
from the tumor registry, 107 (14 per cent) 
died before we could contact them. An ad¬ 
ditional 115 (15 per cent): either refused (n 
= 71) to participate or could not be con¬ 
tacted. In alii completed questionnaires 
were obtained for 518 (70 per cent) of tbe 
eligible cases. 

Of 518 cases, 360 (7.0 per cent) named 
friends or acquaintances who could be con¬ 
tacted as controls. Of these, 86 per cent 
were successfully contacted for an overall 
response rate of 60 per cent. To obtain the 
additional 209 controls, 1,237 households 
were telephoned. Screening data (age, race,. 


sex, and cancer history of household mem¬ 
bers) were obtained for 988 households (80 
per cent); 224 (23 per cent) of these house¬ 
holds had a qualifying member. Fifteen (7 
per cent) qualifying telephone controls re¬ 
fused to participate. The overall response 
rate for selection of telephone controls was 
75 per cent (80'per cent x 93 per cent). 
Although not shown here, data were ana¬ 
lyzed separately by control selection group, 
and the adjusted results were identical to 
those obtained when the control groups 
were combined. 

Procedurally, the control selection pro¬ 
cess involved one-to-one matching. This 
was done to allow the selection of popula¬ 
tion controls without having an enumer¬ 
ated sampling frame. The analyses pre¬ 
sented here are for unmatched data to max¬ 
imize the study sample size following losses 
due to missing data on exposure. In most 
comparisons, the factors used in control 
selection are taken into account by adjust¬ 
ment procedures. Parallel analyses for 
matched pairs were carried out. Although 
not presented here, the results were similar. 

Passive exposure to cigarette smoke dur¬ 
ing adulthood was estimated from a ques¬ 
tionnaire report of the number of years of 
marriage during which a spouse smoked. 
Subjects were considered exposed if they 
had a spouse who smoked regularly at any 
time during their marriage. Regular smok¬ 
ing was defined as smoking at least one 
cigarette per day for as long as six months. 
The nonexposed group consisted of persons 
married to nonsmokers and persons who 
never married. The quantity smoked was 
reported as the average number of ciga¬ 
rettes smoked per day by a spouse while 
married to a study subject. 

For the analysis of questionnaire data, 
odds ratios were calculated, and the chi- 
square test was used to assess statistical 
significance. Combined estimates of the 
odds ratio (OR) in stratified analyses were 
obtained using the Mantel-Haenszel tech¬ 
nique (15). The method of Gart (16)' was 
used to obtain'95 per cent: confidence limits 


Source: https://www.industrydocuments.ucsf.ed^docs/szpx0000 
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for the combined estimates of the odds 
ratio. When the 95 per cent confidence 
limits did not include unity, the odds ratio 
was considered statistically significant (p 
< 0.05)i Level of education was reported as 
number of years of school completed and 
occupation was given as usual occupation. 
For stratified and adjusted analyses, age 
and level of education were treated as cat¬ 
egorical variables with four levels of age 
(<30* 30-39* 4(M9» and 50+ years) and 
three levelfe of education (<12 years, 12 
years, and >12 years). 

Results 

The distribution of cases by cancer site 
is shown in table 1. The young age of cases, 
the referral nature of the hospital and the 
fact that the study was limited to living 
cases account for the distribution of cancers 
seen. There was a predominance of breast 
cancers, female genital tract cancers, and 
leukemia and lymphoma, and a relative 
lack of respiratory tumors. Eligible cases 
with respiratory cancer were significantly 
more likely to die before they could be 
contacted for this study. 

Cases and controls are compared in table 
2. Cases and controls are, by design, dis¬ 


tributed similarly by race and sex, with'70 
per cent of each group white and 67 per 
cent female. The mean age of cases (43.6 
years) and controls (43^5 years) is also sim¬ 
ilar. Level of education differs significantly 
between gTOups; 45 per cent of cases and 36 
per cent of controls never graduated from 
high school. Level! of education, therefore, 
is taken into consideration in most anal¬ 
yses. On the other hand, cases and controls 
do not differ by broad occupational cate¬ 
gory. A greater proportion of controls never 
married 1 (16 per cent vs. 13 per cent), but 
this difference is not statistically signifi¬ 
cant. Cancer cases and controls also do not 
differ in reported smoking histories. In part 
this is due to the relative absence of lting 
cancer cases and to the method of control 
selection. Sixty per cent of controls are 
friends of cases, and the smoking habits of 
individuals who are friends may be similar. 
When only cases with population controls 
are included, 57 per cent of cases and 46 
per cent of population controls were smok¬ 
ers. 



table',; 3). Adjusting indeperStently* 


Table 1 


Distribution of cancer cases by site of primary tumor and study status 


Site 

ICD* Nb, 


Included! 

Refused or lost 

No, 

\ e iY, 

No. 

i%): 

Lip. oral cavity; and pharynx 

140-149 

22 

(4) 

15 

(7.) 

Digestive organs and peritoneum 

150-159 

41 

(8) 

16 

(7) 

Respiratory and intrathoraeic organs 

160-165 

32 

(6) 

43 

(19 > * 

Bone, connective tissue, and skin 

170-173 

42 

l8h 

13 

(6), 

Breast 

174 

60 

(12): 

16 

(7): 

Female genital organs 

179-164 

175 

(34) 

61 

(28) 

Prostate 

165 

10 

c2) 

Q: 

(01 

Testis 

166 

6 

in 

3 ! 

(1) 

Urinary tract 

188. 189 

6 

(i) 

9 

(4) 

Eye. brain. and other nervous system 

190*192 

38 

(7) 

20 

(9) 

Thyroid and other endocrine glands 

193, 194 

27 

(5) 

3 

on 

Lymphatic and hematopoietic tissue 

200-207 

52 

(HO) 

13 

(6) 

Site unspecified 

199 

7i 

(HI 

10 

(5) 

All sites 


51ft 

UO0.0) 

222 

(100.0) 


* p< 0;0i. 

* ICD, International Classification of Diseases, Ninth Revision. 


rc 

o 

ro 

CA 

CJ 
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Tabue 2 


Comparison of cases and controls 


T ar t or 


Controls 

No.i i r f i 

No. i r <;> 

Tou) 

518 (100) 

518(1001 

Age 

<30 

96 (19) 

99 (191 

30-39 

89 (IT) 

105 120) 

40-49 

132 (25) 

12H123) 

50+ 

201 (39) 

193 (37) 

Race 

Non while 

153K30.1' 

153 (30) 

While 

365 (70) 

365 (70) 

Sex 

Male 

169 (33) 

169 (33) 

Female 

349 (67) 

349 (67). 

Mania! status" 

Never married 

65 Cl 3) 

79 (16): 

Ever married 

444 (87) 

410 (84) 

Education* 

<12 years 

233(45) 

186 (36) 

12 years 

137 (27)' 

186 136) 

>12 years 

147 (2S)i 

146 (28} 

Occupation! 

Blue collar 

3 72 (35): 

194 (38) 

White collar 

192 (39V 

175 (34) 

Housewife 

1'IS (24) 

131 i26) 

U hemp toyed ! 

8 12) 

11 (2) 

Smoking 

Never 

235 (45) 

247 (48) 

Ever 

283 (55) 

271 (52) 

Current 

154 (30) 

166(32) 

Past 

129 (25) 

105(20) 


•■'Ninecases and 29 controls did not report marital 


status, 

t One case did not report years of education. 

t Twenty.eifrht cases and seven controls did not 
report occupation. 

and in combination for sex, a^e,^g|;vSipSk* 
ing, parental smoking, education^ "and oc* 
cupationdoes not change this finding. Can¬ 
cer risk from passive exposure to cigarette 
smoke appears greatest for females and for 
individuals who are not themselves smok¬ 
ers, with statistically significant risks lim¬ 
ited to these subgroups. There are no ap^ 
parent subgroup differences ih< risk with 
race or occupational! category (blue collar 
or white collar), although risk appears 
greater for individuals with at least a high 
school! education. Cancer risk in relation¬ 
ship to passive exposure to cigarette smoke 


also appears limited to individuals who are 
younger than age 50 years. 

Cancer risks from passive smoking 
among smokers and nonsmokers are shown 
separately in tablfe 4. Risk is clearly ele¬ 
vated among nonsmokers, with the twofold 
risk significant after adjustment for age, 
race, or sex. Risk is also elevated among 
smokers, but the 30 per cent increase in 
risk is only of borderline statistical signifi¬ 
cance. Among nonsmokers, risk does not 
differ with race, but the risk from passive 
exposure is statistically significant only 
among females and among individuals be¬ 
tween the ages of 30 and 49 years, although 
it is also elevated for males. For smokers, 
risk is significantly elevated among females 
and whites. The twofold risk related to 
passive exposure among individuals 
younger than 30 years (table 3) is due to 
risk among individuals who are themselves 
smokers (OR - 2.3) (table 4). The lower 
risk among nonsmokers in this age group 
(OR * 1.4) contrasts with the greater risk 
among nonsmokers in the other age cate¬ 
gories under age 50 years. This suggests 
that the cumulative exposure through'pas¬ 
sive means,alone, for this young group may 
be below that which would pose a risk. 

For most cancer sites, the number of 
cases is too small for meaningful site-spe¬ 
cific analysis. However,,statistically signif¬ 
icant risks in relationship to passive smok¬ 
ing are seen for breast cancer, cervical! 
cancer, and endocrine cancers. Odds ratios 
adjusted for possible differences in the dis¬ 
tributions of age and level of education are 
shown in table 5 for smokers and non- 
smokers combined! 

The twofold rUk,i) fJarfiflaLcan cer shown 

cerin^feis^greater^among younger women 
(OR * 3;4 foif^o^ 

^a nd^bwe^it h; 
risk for cervical cancer 


Source: https://www.industrydocuments.ucsf.efti/docs/szpx0000 
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Tablf 3 


Overall cancer risk from smoking by spouse, adjusted separately* for potential confounding factors 



% txpoaedi 


Adjusted OR 

95^ CL+ on adjuated 
OR 

Fan or 

Caaesf 
in - 50a» 

Controls 
(n - 4S9t: 

Crude OR* 

Crude nsk 

55 

43 

1.6** 


(1.3, 2.1) 

Sex 






Male 

35 

26 

1.5” 



Female 

65 

51 

i.?” 

1.7” 

(1.3. 2.2 > 

Age 






<30 

39 

24 

2.0* 



30-39 

55 

39 

1.9* 

1.6?- 

(1.3. 2.1): 

4QM9 

67 

47 

2.2** 



50* 

56 

54 

12 



Race 






Nonwhite 

50 

34 

1.6* 



White 

58 

45 

1.7” 

1.6” 

(1.3,,2:1) 

Smoking 






Nonsmokers 

52 

34 

2.1” 



Smokers 

58 

51 

1.3 

1.6” 

(1.3, 2.1) 

Education 






<12 years 

55 

52 

U 



12 years 

61 

35 

2.9” 

1.6” 

(1.2, .2:1) 

>12 years 

50 

41 

1.5 



Occupation! 






Blue collar 

53 

40 

1.7* 



White collar 

53 

40 

1.7* 

1.7** 

(1.2,2:?» 

Either parent smoked 






No 

55 

41 

1.8” 

1.8— 

(1.3, 2.3) 

Yes 

57 

44 

1.7” 




• p < 0,05. 

”;>< 0.91. 

tOR. oddi ratio, after multiple adjustment for age, race, sex, education, and smoking status « 1.7, 95% 
confidence limits (CL) * (1.3, 2.31. 

X Spouse ever smoked while married to study subjects 

| Numbers of cases are not equivalent to those shown in table 1 because of missing vaJues for education or 
spouse smoking. 

t Excludes housewives, those unemployed, and those missing data on occupation. 


among individuals^ 


mentffo^agi^^rSrrioking status.' of* 
smoking by parents. The estimated risk is 
reduced somewhat by adjustment for level 
of education, but there is no clfear pattern 
of risk with level of education. As for the 
other sites, risk appears greatest among 
younger women (OR = 2.9 for women <50 
years vs. OR = 0.9 for women >50 years). 
Odds ratios are statistically significant for 
whites and for nonsmokers, but the mag- 
nitude of the risks for nonwhites and for 
smokers is similar. 

There is also a statistically significant 


- §risk 
it®vu 

ment for potentu 


idocrineUmiors^^ 

. 

confounding variables. 
In subgroup analyses, risk is significant for 
younger individuals, nonsmokers, individ¬ 
uals with a high school education, and in¬ 
dividuals whose parents did not smoke. 

Although the number of lung cancer 
ctfi^#*8^ ; W>n“«-22)r--Iung cancer risk 
from passiv?exj»surfefd^garett^smoiiing 
is 5 ek'amihed'in^table 



and for nonsmokers (OR ■ «) are statist!- 

to 

© 

ro 

co 

CA 

h* 

CO 

CO 
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Table 4 

Oixmil cancer risk from passu* exposure to cigarette smoke among smokers and nonsmokers, adjusted for 


potential confounding factors 



Nonsmoker* in - 466) 


Adjusted 
ORt (95 e x 

Smokers (n 

- 532) 


Adjusted 
ORt (95^ 

Factor; 

Case**' 

Control* 

Crude 

not 

.. Cases* 

Controls 

Crude 

or: 


No. 

exposed) 

No. 

exposed) 


CL$) 

No. <r, 

exposed) 

No.,{% 

exposed) 

CLI) 

Crude nsk 

231 (52): 

235(341 

2,r* 

(1.4, 3.0); 

278(68): 

254 (51) 

u 

(0.9, 1.9) 

Age 

<30 

45 (22): 

58 (17): 

1.4 


50 (54): 

38 (34) 

2.3 


30-39 

36 (56): 

49(31): 

2.8’ 

2.0** 

51 (55): 

48 (43) 

1.3 

1.4 

4CM9 

50+ 

63 (68V 
87(53): 

48 (33): 
80 (49) 

4.3** 

1.2 

(1.4. 2.9) 

67 (64) 

110 (58) 

66 ( 58) 
102(55) 

1.3 

1.1 

(1.0, 1.9) 

Sei 

Male 

39 (13) 

57 (9) 

1.5 

2.0** 

128 (41) 

102 (36) 

1.2 

1.5* 

Female 

192 (591 

178 (42): 

2.0’* 

(1.3, 2.9) 

150 (73) 

152 (61) 

1.7* 

(1.0. 2.1): 

Race 

Nonwhite 

72 (531 

8.1(31) 

2.5** 

2.0*’ 

77 (47) 

63 (48) 

1.0 

1.4 

White 

159 (511 

152 (36) 

1.9** 

(1.4. 3.0) 

201 (63) 

191 (52) 

1.5* 

(1.0. 1.9); 


* p < 0.05. 

••pcO.Gl. 

t Numbers of cases are not equivalent to those shown in table 1 because of missing values for spouse 
smoking. 

t OR. odds ratio. 

5 CL, confidence limits. 


caily significant even though they are based ® 
on small numbers. Since only two lung 
cancer cases were nonsmokers and only 
seven were females, it is not possible to 
examine lung cancer in greater detail. Risk 
is also elevated' among younger individual^ 
and among those with at least a high school 
education. 

Among nonsmokers alone, risks were sig¬ 
nificantly. elevated for endocrine and- cer¬ 
vical cancer, despite the loss of power from 
reducing the already small number of cases 
for site-specific analysis (table 7), The two¬ 
fold risk for breast cancer seen overall is 
also seen for nonsmokers but is not quite 
statistically significant. Among smokers, 
the odds ratio is statistically significant for 
breast cancer only. However,,the approxi¬ 
mately twofold risk for cervical cancer is 
similar to that among nonsmokers. 

There is no clear dose-response relation¬ 
ship for all cancer sites combined or for 
Bpecific sites in- relationship to either the 
number of years married to a smoker (ad¬ 
justed for age) or the average number of 


cigarettes smoked per day. This is true for 
smokers and for nonsmokers and also when 
analysis is confined to those younger than 
age 50 years, to whom an effect of passive 
smoking appears limited. 

Discussion 

We have found a significantly elfevated 
overall cancer risk for individuals passively 
exposed to cigarette smoke. This cannot be 
readily explained by a number of other 
factors, including individual smoking hab* 
its and two measures of social class: edu* 
cation and broad occupational category. El¬ 
evated risks were seen for several specific 
cancer sites and were not limited to lung 
cancer or other “smoking-related” tumors. 
These findings might relate to other factors 
we have not measured or to deficiencies in 
study design. However, we have not been 
able to identify a possible confounder or a 
bias of selection or recall that could have 
caused the difference in smoking patterns 
of spouses between cases and controls. 
Study subjects and interviewers were told 


Source: https://www.industrydocuments.ucsf.ed 
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Table 5 

Cancer risk from passive exposure to cigarette smoke , adjusted for age and education, ail'sites combined and 

specific sues 


Site 

Caws 

Crude OR* 

Adjusted OR $ 

95% CL|: on Adjusted 

No. t {% e*po*ed}J 

OR* 

All sites 

508(55) 

1 . 6 - 

1,6- 

<t. 2.2.M 

Lip, oral cavity, and pharynx 

22 155)1 

1.6 

U 

(0.4, 3.0)i 

Digestive system 

39(51): 

1.4 

i.O 

(0.5, 2.2) 

Respirator)’ system 

32 (50) 

1.3 

1.0 

(0.5, 2.4) 

Lung 

Bone, connective tissue, and 

22(59) 

1.9 

1.5 

(0.6, 4.3) 

skin 

42 (36) 

0.7 

0.7 

(0j3, 1.51 

Breast* 

59(691 

2.2- 

1.8* 

(1.0, 3.7) 

Female genual system* 

170(66) 

1.9- 

1.8- 

(1.2, 2.8) 

Cervix 

1,01(67) 

2.0T* 

1.8* 

<1.1, 3.2) 

Prostate* 

10 (30) 

1.2 

0.8 

(0.1. 3.9)i 

Testis* 

5(40) 

L9 

2.6 

(0.2, 49.9) 

Urinary tract 

Eye, brain, and other ner¬ 

6(50) 

1.3 

U 

(0.2. 7.6) 

vous system 

38(32) 

0.6 

0.7 

(0.3. 1.5) 

Endocrine 

26(65) 

2.5* 

3.2- 

(1.4, 9.411 

Hematopoietic 

52 (44) 

1.1 

1.3 

(0.7. 2.5) 

Other 

7(57) 

1.8 

1.8 

(0.3, 10.4) 


• p < 0 05. 

”p< 0.01. 

Numbers of cases are not equivalent to those shown in table l because of missing values for education or 
spouse smoking. 

X For comparison. 210 of 469 controls ; (43*c) were exposed. 

§ OR. odds ratio, 

3 CL, confidence limits. 

1 Sex-specific comparison. Of 330 female controls, 5l ,f e were eiposed. Of 159 male controls, 26^ were 
exposed. 


simply that the study was designed to look 
at smoking patterns in families. 

Gases and controls were similar with re¬ 
gard to their own smoking histories. This 
was partly because of the choice of friend 
controls who tended to have similar smok¬ 
ing histories and because known smoking* 
related sites were underrepresented in the 
case population. Cases included in the 
study were generally younger than those 
with, smoking-related tumors. Unavoidable 
delays between case identification and 
completion of interviews also contributed 
to the lack of smoking-related cancers. Per¬ 
sons with lung cancer and other smoking- 
related tumors were more likely to have 
died before they could be interviewed. In 
addition, because of the special interests of 
physicians at the hospital from which cases 
were identified, breast cancers and gyne¬ 


cologic cancers were overrepresented. As a 
result of this unintentional matching on 
smoking status, risks from passive smoking 
and direct smoking cannot be compared. 

The route of exposure for the passive 
smoker is via inhalation. Reports of effects 
on upper respiratory tract function (2-6) 
are consistent with this. There has also 
been a report of mutagens measured in the 
urine of passive smokers (17), indicating 
that components of cigarette smoke enter 
the bloodstream and are circulated 
throughout the body of the passive smoker. 
Another report indicated that enzyme ac¬ 
tivity can be induced by passive exposure 
to cigarette smoke (18)i These findings are 
tentative, but do suggest that an overall 
increase in cancer risk or an increase in' 
risk for specific nonrespiratory sites follow¬ 
ing passive exposure to cigarette smoke is 
plausible. 


o 

ro 

C*3 

01 

h* 
CJ 
H* 
& 
cn 
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Table 6 


Lung cancer risk from passive exposure to cigarette smoke, adjusted for potential confounding factors 


Factor 

Cues 


Adjusted OR - * 

95* CLi on adjusted 
ORt 

No. i*~c exposed! 


Crude risk 

22 (591 

1.9 


(0.8, 5.0) 

Sex 





Male 

15 U0)i 

1.9 


U.1,8.4) 

Female 

7(100) 


3.4* 


Smoking 





Nonsmokers 

2UOO) 

«• 



Smokers 

20 155) 

1.2 

1.5 

(0.6, 3.9) 

Age _ . 





<50 

5 (801 

6.7 



50+ 

17,(53) 

1.0 

1.5 

(0.6; 3.8) 

Education 





<12 years 

15 (47.) 

0.8 



12 years 

4 1100 ) 1 

«** 

1.6 

(0.6. 4.4) 

>12 years 

3(67) 

2.8 



Either parent smoked^ 





No 

6 (50) 

1.5 

1.5 

(0.5. 4.8) 

Yes 

9 (56) 

1.6 




*p< 0.05j 

"p< 0;0L 
* OR. odds ratio. 

X CL. confidence limns. 

§ Numbers reduced because of missing data on parental smoking. 


Table 7 


Cancer ri.sk from pavMir exposure to cigarette smoke among s makers and nonsmokersrselected sites 


Sue 


Nonsmokers 


Smokers 


No. of 
ra>e< 

Oddi ratio 

(95G CL t 1 

No. of 

cases 

Odds ratio 

<95* CLt) 

Lung 

2 



20 

1.2 

(0.5. 2.9) 

Breast 

32 

2.0 

(0.9. 4.3) 

27 

2.8* 

(1,0, 7l6) 

Cervix 

56 

2.1* 

(1.2, 3.9) 

45 

2.0 

(0.9. 4.1) 

Endocrine glands 

13' 

4.4* 

(IX 17,4) 

13 

1.5 

(0.4, 5.5) 


• p < Qj05. 

* CL. confidence limits. 
t P m 0.051. 


Our study was intended to consider a 
range of effects similar to what might be 
measured in a prospective study of a cohort 
of individual who are passively, exposed. 
Such an approach serves to single out sites 
which appear to be important as well as to 
investigate whether passive exposure might 
increase susceptibility to additional insults, 
thereby increasing cancer risk overall Two 
reports in the literature use prospectively 
collected data (0; 11);. One of these (11), 
however, does not provide data on cancer 


risks at sites other than the lung, and nei¬ 
ther report provides data on overall cancer 
risk from passive exposure to cigarette 
smoke. Data from the Japanese study re¬ 
cently presented by Hirayama, however, 
indicate that cancer risk may be increased 
at sites other than the lung and that risk 
may not be limited to smoking-related sites 
(Hirayama, personal communication: pre¬ 
sented at Hawaii Cancer Conference, 1984). 

For this study, passive exposure during 
adult life is determined from a question- 
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naire report of the number of years of mar¬ 
ried life during which a spouse smoked. 
Misclassifieation of exposure status is 
likely for individuals who never married but 
have lived with other persons who smoked. 
Slightly more controls than cases reported 
never marrying, which might lead to differ¬ 
ential misclassification. However, we rean¬ 
alyzed our data, excluding subjects who 
never married, and found the results to be 
the same. When only married subjects were 
included the odds ratio for cancers of all 
sites combined was also 1.6. We made no 
allowances for multiple spouses, other 
members of the household who smoke, or 
passive exposures which occur outside of 
the home. Quantity smoked; too, is an ap¬ 
proximate measure. The reported number 
of cigarettes smoked per day by the spouse 
is simply the average daily amount smoked 
during that time period; No allowance was 
made for changes in smoking habits of the 
spouse over time or for time since last 
exposure if the spouse did not smoke during 
the entire married interval. 

Nonetheless, we found smoking by 
spouse to be significantly associated with 
overall cancer risk. The odds ratio of 1.6 
was not substantially altered by, adjustment 
for age, race, sex, smoking status, educa¬ 
tion, or occupation. Risk was limited to 
individuals younger than age 50 years, who 
were at approximately twofold risk- Risk 
was also greatest for females and non- 
smokers, although not entirely limited to 
these groups. 

When smokers and nonsmokers are con¬ 
sidered separately, the twofold risk among 
nonsmokers is highly-significant and is not 
altered by adjustment for potential con¬ 
founding factors. The 30 per cent increase 
in risk among smokers whose spouses also 
smoke is only of borderline statistical sig¬ 
nificance, but is also unchanged by adjust¬ 
ment for other factors. The groups for 
whom risk from passive smoking appeared 
greatest are those groups generally at lower 
cancer risk overall. It may be that the small 
risk imposed by passive exposure during 


adult life is difficult to detect statistically 
in individuals at risk from other causes. 
Also, women who smoke may tend to smoke 
less, start later, and inhale differently than 
men. This would allow for a greater impact 
of passive exposure among women, regard¬ 
less of their own smoking status. In addi¬ 
tion, very few nonsmoking men are married 
to smokers, making it more difficult to de¬ 
tect a risk among males. In our data* only 
10 per cent (10/96) of nonsmoking males 
were married to smokers, whereas 51 per 
cent (189/370) of nonsmoking females were 
married to smokers. 

The increased cancer risk from passive 
exposure was not limited to sites generally 
thought to be smoking-related (12, 13); In 
fact, because of our case selection proce¬ 
dures and delays in interviewing cancer 
cases, individuals with cancers of smoking- 
related sites were only a small proportion 
of total cases. If cancers of the esophagus, 
respiratory tract, oral cavity and pharynx, 
urinary tract, and pancreas are designated 
smoking-related, the odds ratio for smok¬ 
ing-related tumors is 1.3, whereas the odds 
ratio for other sites is 1.7 (p < 0.01). Evi¬ 
dence is accumulating that cancer of the 
cervix should also be included among those 
sites that are smoking-related (19-21). 
When the cervix is included, the odds ratio 
for smoking-related sites is 2.0 and for 
other sites is 1.5, both of which are statis¬ 
tically significant. 

Only 22 lung cancer cases are included' 
in this report, with an odds ratio of 1.9 
among passive smokers. Although not sta¬ 
tistically significant, it is consistent with 
the level of risk reported 1 in other studies. 
For women and for nonsmokers, the risk of 
lung cancer among those passively exposed 
was significantly increased despite very 
small numbers. The odds ratio-for individ¬ 
uals under age 50 years was of borderline 
significance. Hirayama (9). reported a two¬ 
fold risk for women married to smokers and 
found that risks were also greatest amonf 
younger women (as measured by husband-* 
age). While Garfmkel (ill); didn’t' find ar 
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overall relationship of passive exposure to 
lung cancer risk, the relative risk among 
women married to smokers was in the same 
direction. Relatively few women in Garfm- 
keUs cohort were under age 50 years, which 
might expjain these inconsistent results. 

In 1 a study reported by Correa et al. (10), 
a twofold relative risk was seen among non- 
smokers married to smokers. The risks 
were similar for males and females, al¬ 
though^ he number of: nonsmoking males 
with lung cancer was very small. Among 
smokers, males who were light smokers 
with wives who'were heavy smokers had a 
relative risk of 1.5: Trichopoulos et al. (7, 
S); also' reported: an overall twofold lung 
cancer risk which was statistically signifi¬ 
cant among nonsmoking women married to 
smokers. 

The studies reported by Trichopoulos et 
al. (7, 8), Correa et al. ('10); and Hirayama 
(9) all suggest a dose-response relationship, 
although different measures of dose were 
employed in the three studies. In our study,,, 
there was no apparent dose-response using 
either years married to a smoker or average 
amount smoked by spouse as the measure 
of dose, but the number of lung cancer cases 
may be too small to expect a consistent 
trend. Evaluation of dose is not straightfor¬ 
ward and depends on factors which we did 
not measure, such as room ventilation and 
smoking ‘"style’’ of the spouse. 

We found a twofold cervical cancer risk, 
which persisted after adjustment for level 
of: education, among women whose hus¬ 
bands smoked. We did! not collect data on 
sexual activity of cases or spouses. We also 
see an increased risk of breast cancer.. Since 
the sociodemographic risk factors for these 
two sites are not the same,, this supports 
the conclusion that the apparent excess 
cervical cancer risk is not entirely due to 
confounding by social class. Buckley et al. 
(22) reported a fourfold risk of cervical 
cancer among women whose husbands 
smoked, but after adjustment for number 
of sexual partners of: the husband, the re¬ 
sulting twofold relative risk was not signif¬ 


icant Similar results were reported by 
Brown et aL (23). Hirayama (9) did not find 
elevated cervical cancer risk among women 
whose husbands smoked. This may relate 
to differences in. the ages of the women 
studied or to differences in risk from other 
factors. 

No previous study has reported a positive 
association between breast cancer and 
either passive or direct exposure to ciga¬ 
rette smoke (24-26). In a recently reported 
study by Rosenberg et al. (27), the relative 
risk for breast cancer was approximately 
1.0 for exsmokers, current smokers, and 
heavy smokers as compared with non- 
smokers. The crude odds ratio of 2.2 that 
we report is not reduced by adjustment for 
a number of potential confounding varia¬ 
bles. Risk is not seen among women older 
than age 50 years or among women with 
less than a high school education^ but is 
fairly constant across all other groups. Pe¬ 
tr akis (28) has detected nicotine in breast 
fluid of nonlactating women who smoked, 
which may lead to alterations in breast 
tissue. This would support a possible role 
for passive smoking if passive exposure also 
caused such an effect. 

One other site for which we find an as¬ 
sociation with passive exposure, endocrine 
glands, is not generally thought to be smok¬ 
ing-related. The number of tumors here is 
small, of which 11 are thyroid tumors. 

In summary, passive exposure to smok¬ 
ing by spouse is related to an overall risk 
of cancer in our data. This association per¬ 
sists after adjusting for possible confound¬ 
ing factors. Associations with several spe¬ 
cific tumor sites are also statistically sig¬ 
nificant, including some which are not 
ordinarily regarded as smoking-relatedi 
Further studies are required to confirm this 
broad spectrum of carcinogenicity by pas¬ 
sive smoking and to explore the unexpected 
site-specific findings. 
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Cancer Risk in Adulthood from Early Life Exposure to Parents’ Smoking 

Dale P. Sandler. MPH, PhD, Richard B. Everson, MD, Allen J. Wilcox, MD, PhD. 

and James P. Browder, MD 


Abstract: We obtained data on smoking by parents from 438 
cancer cases and 470 controls to investigate whether cancer risk in 
adult life is related to transplacental or childhood exposure lo 
agarette smoke. Cancer cases were between ages 15 and 59 at time 
of diagnosis AJI Isites but basal cell cancer of the skm were included. 
Cancer risk was increased 50 per cent among offspring of men who 
smoked. Increased risk associated with father’s smoking was not 
explained by demographic factors, social class, or individual smok¬ 
ing habits. and was not limited to known smoking related sites. 

Relative risk (RR) estimates associated with.father's smoking 


tended to be greatest for smokers, males, and non-Whites There 
was only • slight increase in overall cancer risk associated with 
maternal smoking Mother's and father's smoking were both associ¬ 
ated with risk for hematopoietic cancers, and a dose-response 
relationship.was seen. The RJ^fgL^jj^gwetic cancert increased 
frojni/ 

or childhood passive 

CXp«ii^ to'^cigaretU *ttnoky (A m J Public Health 1985; 73:487- 
492.) 


Introduction 

Cancer risk in.adult life may be affected by transplacen¬ 
tal and childhood exposure to cigarette smoke.’ Data from 
studies in animals have demonstrated that many carcinogens 
are active when administered transplacentally or during 
early life. In some instances, effects may be produced at 
lower doses than are required for adults. 3 "* The tumors 
resulting fromilhcse transplacental and early postnatal expo¬ 
sures may not be apparent until adulthood. 57 - 9 

Studies in humans demonstrate that the fetus of smok¬ 
ing parents is exposed to components of cigarette smoke and 
is capablb of bioactivating these chemicals.’ 0 - 30 For exam* 
pie, cotinine has been measured in the amnioiic fluid of 
smokers and passive smokers 1 * and thiocyanate has been 
measured in fetal cord blbod.' 4 -’* Studies have also demon¬ 
strated increased activity of enzymes that metabolize ben* 
zo<a)pyrene in placentas of women who smoke,' 7 "” and 
possibly even in placentas of women passively exposed to 
cigarette smoke. 30 Similar elevations may occur in the 
tissues of the fetus or exposed child: Finally, increased 
urinary excretion of mutagens has been found in passive 
smokers. 5J 

Several! epidemiologic studies have demonstrated in¬ 
creased 1 risk for childhood tumors in relation to either 
patemafor maiemal smoking. 23 " 3 * but not all'studies demon¬ 
strate an increased risk. 1529 Even if no increased risk of 
childhood cancer were found, however, it would not rule out 
the possibility of increased cancer risk during adult life from 
fetal on childhood!exposure. One recent study found elevat¬ 
ed lung cancer nsk for individuals whose mothers smoked: 37 

Cigarette smoke contains many knowm carcinogens. 2 * 
Sidestream, smoke, which is the smoke released from the 
cigarette between active puffs, may differ qualitatively from 
the mainstream smoke which is inhaled by the active smok¬ 
er.** Some compounds occur in markedly higher concentra¬ 
tions in sidestream smoke, and although this smoke is 
diluted by the ambient air into which it is released, the 
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passive smoker may inhale smoke which is qualitatively 
richer in certain compounds than mainstream smoke (Hoff¬ 
man in 28). For example, the concentration of dunelhylni- 
trosamine in sidestream smoke is 52 times that in main¬ 
stream smoke., Such qualitative differences make it difficult 1 
lo predict the biologic effect of exposure to sidestream 
smoke. 

In this study we investigate whether cancer, risk in adult 
life is related to transplacental or childhood exposure to 
cigarette smoke. 


Methods 

Our study methods have been described in greater detail 
elsewhere. 39 Cancer cases were selected from the hospital' 
based tumor registry at the North Carolina Memorial Hospi¬ 
tal of the University of North Carolina in Chapel Hill. They 
included all cases diagnosed between July 1, 1979 and'March 
31, 1981 and assumed to be alive as of March 31, 1981. Cases 
were between ages 15 and 59 at time of diagnosis and 
included all cancer sites except basal ceU cancer of the skin: 
Cases were restricted to age 59 and younger, since fewer 
than 5 per cent of women of'child bearing age in 1920 were 
smokers. 50 - 3 ’ 

Cases were mailed a questionnaire for self completion, 
follbwed by a second mailing and a telephone call if needed. 
Of 740 eligible cancer cases identified from the tumor 
registry, 107 (14 per cent) died before we could contact 
them. An additional 115 (16 percent) either refused (h = 71') 
to participate or could not be contacted. Cases who died or 
did not respond were slightly older and were more often 
male or non-White; cases with respiratory cancer were more 
likely to have been excluded, presumably due to higher case 
fatality. In ail. completed questionnaires were obtained for 
518 (70 per ccnt):of the eligible cases. 

In addition to questions on exposure to cigarette smoke, 
cases were asked to identify friends or acquaintances who 
did not have cancer and were the same race, sex, and age (r 
5 years) to serve as comparison subjects. Approximately 60 
per cent of the controls were identified in this manner. For 
cases for whom friend controls were not successfully ob¬ 
tained, population controls were identified by systematic 
telephone sampling. Data were analyzed separately by con¬ 
trol selection group and the adjusted results were nearK 
identical to those obtained when the control groups were 
combined. 
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Individuals were specifically requested to supply infor¬ 
mation on natural parents. Only individuals who lived with 
both natural parents for all or most of the first 10 years of life 
are included in this report. As a result, 128 individuals were 
excluded'(80 cases and 48 controls): 

Transplacental and childhood exposure to cigarette 
smoke was assessed from questionnaire reports of smoking 
histories of parents. Subjects were asked whether parents 
ever smoked, smoked before the subject’s birth, smoked in 
the house for most of the years before the subject was 10 
years old, and whether mothers smoked while pregnant with 
the study subject'. Subjects were also asked the usual quanti¬ 
ty of cigarettes smoked by the parents and the frequency of 
smoking in the house. For this report, unless otherwise 
specified, exposure is classified by parental smoking in the 
household 1 before the subject;attained 10 years of age. 

For this report, “smoking related" tumors were defined 
as cancer ofithe oral cavity and pharynx, esophagus, pancre¬ 
as. respiratory and intrathoracic organs, unnary tract and 
cervix. 1 * Because evidence linking cervical cancer with' 
cigarette smoking is not well documented, we also analyzed 
these daLa with cervical cancer excluded from this designa¬ 
tion. The number of “smoking related" tumors was substan¬ 
tially redbeed by this exclusion, but the general findings 
were not altered For individual smoking status, smokers are 
defined to include anyone who ever smoked at least one 
cigarette a day for as long as six months. Nonsmokers are 
individuals who have never smoked. 

Estimates of the relative risk (RR) in stratified analyses 
were obtained using the Maniel-Haenszel technique 13 for the 
summary odds ratio. The method of Gan” was used to 
obtain, 95 per cent confidence limits for the combined 
estimates of RR. Estimates ofi the relative risk adjusted 
simultaneously for multiple confounding variables were ob¬ 
tained using a multiple logistic model. 

Level of education was reported as number of years of 
school completed and occupation was given as usual occupa¬ 
tion. For stratified analyses, age andJevellof education were 
treated as categorical variables with four levels of age (<3G, 
30-39, 40—49. 50- ) and three levels of educationi(< 12 years, 
12 years. >12 years). Age was treated as a continuous 
variable in the multiple logistic analysis. 

Controls were matched one-to-one to cases to allow the 
selection of population controls without having an enumerat¬ 
ed sampling frame. The analyses presented here are un¬ 
matched to maximize the study size following losses due to 
missing data on exposure. In most comparisons, the factors 
usedi in control I selection arc taken into account by adjust¬ 
ment procedures. Analyses using matched pairs gave similar 
results. 


Results 

Cases and controls are distributed similarly by age, 
race, and sex (Table 1). Cases and controls differ only in 
their distribution by years of schooling with fewer cases 
having completed highschooli However, cases and controls 
are similar in broad occupational categories. Cases and 
controls are similar with regard to their own smoking status 
with 45 per cent of cases and 47 per cent of controls never 
having smoked; the similarity is largely due to the use of 
fnends as controls. When only cases with population con¬ 
trols are included. 57 per cent of cases and 47 per cent of 
population controls were smokers. 


Maternal Smoking 

There was only, a small difference between cases and 
control in reponed exposure to maternal smoking [estimat¬ 
ed relative nsk (RR) = U, 95 per cent confidence limns = 

0.7, 1.6]. The RR for cancer among individuals whose 
mothers smoked was close to one for ail measures of j 

maternal smoking, and this lack of association persisted after 
adjustment for potentiaJ confounding factors including age. 
race, sex, education, individual smoking, and method of 
control selcctiom 

Site specific relative risk estimates were calculated for 
13 different sites, even though for many sites the number of 
cases is too small for detailed analysis. For most sites, the 
RR in relation to maternal smoking was close to one (Table 
2), However, the RR for leukemia and lymphoma was 2.7 (95 
per cent confidence limits » 1.3, 5.8). The RR for hemato¬ 
poietic cancers associated with maternal smoking is greater I 

for individuals whose fathers also smoked (2.6 vs 1.5 for t 

nonsmoking fathers), but the RR remained elevated (RR = 1 

2.4, 95 per cent confidence limits * 1.0, 515) after adjusting j 

for father’s smoking, Adjustment for age, race, sex, educa¬ 
tion, and individual smoking did not change this finding. The 
numbers of specific hematopoietic cancers are small pre¬ 
cluding detailed analysis. However, the crude RR for Hodg¬ 
kins disease (RR = 4.4, 95 per cent confidence limits * 1.1, 

4.6). nomHodgkins lymphomas (RR *= 1.7, 95 per cent' 
confidence limits = 0i5, 5.2) and acute leukemias (RR = 8.8 k 
95 per cent confidence limits * 2.0, 40.0) were greater than 
one. 


TABLE 1—Companion* of G*s*s and Controls 


Fac&f 

Cams 

N.(fc) 

Control 

N'(%): 

Total 

438 (100) 

470 (100) 

Ap* (yw): 

<30 

S3 (19) 

SS (19) 

30-39 

72 (16) 

96 (20). 

40—49 

117 (27) 

110 (23)' 

KK59 

166 (38) 

176 (37); 

Maan Age 

43 

43 

Rica 

WMl 

325 (74) 

340 (72) 

Non-White 

113 (26) 

130 (28): 

B*x 

Male 

147 (34) 

158 (34) 

Famake 

»1 (66) 

312 (66) 

Educabont 

<12 y%mt% 

182 (42) 

164 (35) 

12 y*ars 

122 (28) 

171 (36) 

>12 yu ra 

133 (30) 

135 (29) 

Occupation t 

Bk* Couar 

158 (39) 

154 (34) 

Whit* Collv 

154 (38) 

183 (40) 

-Houaewrte’' 

97 (24) 

118 (26) 

Smoking Status 

Nonsmoke^ 

(«) 

223 (47) 

Smo*et 

241 (55) 

247 (63) 

Moth* s Smokingt 

No 

363 (B4), 

389 (851 

Y«s 

65 (16) 

66 (15) 

Father s Smokmgt 

No 

166 (44) 

234 (53). 

Y« 

212 (56) 

204 (47), 
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CANCER RISK FROM PARENTS' SMOKING 


TABLE 2—Cancer Ri*k from Mother'* Smoking. Ait $itm Coen bkymS mmS 
Se*ect*d S«e* 




Cams 

Crude 

RR 

95% 

Coni hrmtt 

Srt» 

Nc 

C% expoeedlt 

A* 

418* 

(16) 

V.li 

(0 7. 1.6) 

-$mo*»n<5 Rallied" 

131i 

(13) 

0.9 

(0.5. 1.6) 

Nc*. "Smoking: Rawed" 

287 

(17) 

12 

(0 6 1 6) 

Lr O*. 1 C-avrTy #nc Pharyru 

17 

(12) 

06 

(0.2. 3 5) 

System, 

31 

(10) 

06 

{02. 2 1) 

Rewxraioy System 

22 

04) 

09 

(0 3.3 2)' 

Lung 

Bone, Skin and Connective 

15 

(13) 

0.9 

(0 2. «:l) 

T«*o« 

36 

(8)' 

05 

(Pi liB)i 

Br*ast} 

S3 

(15) 

0.9 

(0 4. 2.1) 

Genn*) Tract} 

133 

(17) 

11 

(07, 2,2) 

Cervix} 

eo 

(15) 

09 

(0 6, 19) 

PTO«tJte§ 

10 

(0) 

0.0 

(0 0.37)* 

Te*tis§ 

5 

(20) 

1 6 

<0 2. 16 6) 

Unnary Traci 

Eye. Brim indiOther, 

6 

(0) 

00 

(0 0.5,1)4 

Nervous System 

37 

(11) 

0 7 

(02 21) 

Bram 

311 

(13) 

09 

(0 3 2 7) 

Endocrine Glends 

21 

09) 

1 4 

(05.4 2) 

Hemaioooeoc Tmue 

41 

(32) 

27 

(1-3.56) 

Othe< 

e 

07) 

1 2 

(0 1; 103) 


*»Jue* ty mc«ir t mewig 

cornp«n*o^ 66 nSNi'c* 4SS ccrtron »r^ tipowfl to mcfTi*r« irtMrg 
t5*» icteric cD»twn«yi 1®% & X^ tw« a or w oe »*♦*• iisoito 
fS#» Kwcric ccmeeneor. 12V o< T54 m*j» cxywon wn topo—q 

<Ei«C C P*Ot XI iTTVtt 


P»i*maJ SrooAiug 

There was an overall relative risk estimate of 1.5 (95 per 
cent'confidence limits = 1.1, 2.0) for cancer among individ-^ 
uaJk whose fathers smoked in the household (Table 3)" 
Adjusting for potential differences in age, sex. race, individ¬ 
ual smoking status, smoking by spouse, education, maternal 


TABLE 3—Cencer Risk from Fether* Smoking Ail Stte* Combined w>6 
Selected Stte* 


C«s« 


- CnxJe 95% 

Srt* No (% kxpookcOti RR Coni bmres 


Al SrtM 376* 

"Smoking Re Wad" 120 

Na.-Smokmg Related 2S8 

Up Or*i Cavity *nd Pharynx 17 
D^asrv* Sysiem 30 

Rev^aiory, System 22 

Lung 13 

Bone , Skm and Connective 
T**ue 34 
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smoking, or method of control selection did not miter this 
finding (RR * 1.5). Estimates of the adjusted RR were 
obtained separately for the group with friend controls (RR = 
1.6) and the group with ipopulation controls (RR * 1.4). The 
combined adjusted RR in a matched pairs analysis with a 
much smaller data set was also similar. The RR for cancer 
associated with father's smoking was greater for males than 
females (1.7 vs 1.4). for non-Whites than for Whiles (1.7 vs 
1.4), and for smokers thanifor nonsmokers (1.7 vs 1.2). 

Crude estimates of relative risk for cancers at specific 
sites in relation to father's smoking are shown in Table 3. 
The RR for “smoking related" (RR * 1.6) and for “not 
smoking related" sites (RR * 1.4) are similar. Specific sites 
with elevated RR included cervix, brain, and hematopoietic 
tissue. 



’ 

Leukemia and lymphoma risk is also not substantially 
changed by adjustment for age, sex. race, spouse smoking., 
and individual smoking. The adjusted RR is 2.5. However, 
the risk is greater for individuals w hose mothers also smoked 1 
(RR * 3.1 vs 1.8 for individuals whose mothers did: nor 
smoke) and the RR is 1.9 (95 per cent confidence limits = 
0.9. 4.4) after adjusting for maternal smoking. For specific 
hematopoietic cancers, the crude RR was clfcvated for 
Hodgkins disease (RR * 5.7, 95 per cent confidence limits = 
1.2. 38.4). nontHodgkins lymphomas (RR = 1.6. 95 per cent 
confidence limns * 0.6. 4.3), and for acute leukemias (RR =■ 
4.6, 95 per cent confidence limits *= 0.6, 34.2). 


Individual Smoking Status 

Overall and site specific relative risk estimates are 
shown separately for individuals who smoked and those who 
never smoked in Tabic 4. Relative risk estimates in relation 
lo mother's smoking are similar for smokers and nonsmok¬ 
ers and are close to one for all sites but hematopoietic tissue. 
Increased cancer risk related to father's smoking is not 
limited to smokers or nonsmokers, although the RR for all 
sites combined is greater among smokers. 

Pot- m poox 

The elevated risks for all cancers combined and for most 
specific sites were related primarily to father’s smoking 
However, for leukemia and lymphoma there is an increase in 
risk when both parents smoked. The RR is 1.7 when one 
parent smoked and 4.6 if both parents smoked: (Mantel- 
Haenszel'ehi for trend = 3.25, p < 0.001). For both mother's 
and father's smoking, overall cancer risk increased only 
slightly with reported frequency of smoking in the house. 
Risk also tended to increase with.reported number of ciga^ 
rettes smoked, but a large proportion of missing values make 
these data unreliable. 


Discussion 

We have found overall cancer risk to be increased 
among the offspring of men who smoked. There was only a 
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small increase in risk associated with maternal smoking. 
Increased risk associated with father’s smoking did not 
appear tobe explained by differences in such factors as age. 
race, sex, social class (as measured by education and 
occupation), or smoking habits of the case or control. The 
effect was noti limited to knowm smoking related sites. 
Estimated relative risks associated wan father's smoking 
tended to be greater for smokers, males, and non*Whites. 
We have previously reported an increased cancer risk for 
individuals married to smokers,” but the apparent effect'of 
paternal smoking is not altered by adjustment for smoking by 
spouse. 

Several findings from different sources support the 
plausibility of increased cancer risk from early life exposure 
to cigarette smoke. In addition to the experimental studies*-* 
and biochemical studies in humans,* 0 - 21 limited support for 
the results of the present study can be found in other 
epidemiologic studies. 12 - 24 - 27 Only one of these studies, 
however, has reported'on cancer risk during adulthood from 
exposure to parent’s cigarette smoke. 27 

Stewart, rial, in a large case-control'study, found a 
very small (RR = 1.1) increased risk for cancer in children 
up to age 10 whose mothers smoked. 34 An increased cancer 
risk related to father's smoking was not seen (RR = t.Oh but 
10 years may have been too soon to detect an effect'. Neulcl 
and Buck 22 found an increased risk (RR = 1 i.3) in a prospec¬ 
tive study ofi cancer risk through age 10 among children 
whose mothers smoked during pregnancy, but did not report 
on father's smoking. 

Questions on parental smoking during pregnancy have 
been included in a number of case-control studies of particu¬ 
lar'childhood tumors. Our finding of a two-fold increase in 
risk for brain cancer among individuals whose fathers 
smokedis consistent with the data of Preston-Martin, el al 
In their study, which focused on exposure to nitrosamines, 
an increased risk of brain cancer (RR * 1.5) among children 
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whose fathers smoked during the mother's pregnancy was 
seen. Sidestream cigarette smoke which is passively inhaled 
is one source of exposure to nitrosamines and other N- 
nitroso compounds.” Gold, et ak did not report on father's 
smoking but found a five-fold increase in risk for brain 
tumors among children whose mothers continued to smoke 
in pregnancy. 35 

Findings from a study by Gruffcrman, ei a/, 24 are 
consistent with our finding of a predominantly paternal 
effect, In that study, an elevated relative risk for rhabdomyo¬ 
sarcoma was associated only with father's smoking Man¬ 
ning and Carroll reported no increased risk for childhood 
leukemia related to mother's smoking. 23 Father's smoking 
was not reported: Although the number of cases was small I 
and dose-response data were inconsistent, Neutcland Buck 
did find that' the offspring of smoking women had nearly 
twice the leukemia risk of offspring of women who did not 
smoke. 12 

Despite the small number of lung cancer cases included, 
we chose to look at lung cancer risk in relation to paternal 
smoking because of continued interest in passive smoking 
and cancer risk at this site. 27 * )7 The RR for lung cancer 
among individuals whose fathers smoked was 2.5 after 
adjusting for age and individual smoking. The adjusted RR 
associated with mother’s smoking was 1.8, but this was 
based on only two smoking mothers among 15 cases. Correa, 
etch reported an RR of 1.7 for long cancer associated 1 with 
mother's smoking, but no increased risk related VO'father’s 
smoking. 27 

Our finding of a possible cervical cancer risk related to 
father’s smoking has not been reported elsewhere. There is. 
however, growing support for a rolfc of passive smoking (as 
measured by spouse smoking) in cervical cancer nsk.* 

Data on parental smoking were obtained retrospectively 
from offspring who may not be in a position to provide 
accurate histones. Parents or siblings of study subjects were 
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also interviewed regarding the smoking histories of the 
parents to vaJidate the data obtained; from subjects. We 
interviewed 649 relatives of subjects included in this report. 
Of these, 55 per cent were mothers and 40 per cent were 
siblings. For more than 350 subject-mother pairs, agreement 1 
.on qualitative smoking questions ranged from 93 to 98 per 
cent' and was substantially better than chance. There was 
also good'agreement between subjects and their siblings. 

Our findings are not due to any obvious recall bias. The 
hypothesis than parental'smoking may cause cancer is not 
generally well known and study subjects and interviewers 
were told only that we were interested in smoking patterns in 
families. We obtained similar responses from mothers and 
subjects.,regardless of case status, suggesting that differen¬ 
tial recall!probably did not occur. 

It is difficult to distinguish transplacental and passive 
childhood exposures in an epidemiologic study: women who 
smoke during pregnancy generally, continue smoking after 
the baby is bom. 40 Father's smoking may produce transpla¬ 
cental as well as passive childhood exposure. ' 5 “--* 0 An effect 
of father's smoking on genetic material in sperm is also a 
possibility, 4 '’ 45 Only 16 per cent of the smoking mothers in our 
study began smoking after pregnancy, and no mothers smoked 
only during pregnancy. This made it difficult to compare 
cancer nsks for individuals exposed- in utero with risk in 
individuals exposed only passively in childhood. Further¬ 
more, 94 per cent ofithe smoking fathers smoked both before 
and after the subject's birth. 

Nevertheless, if an increased risk were seen for moth¬ 
er's but'not father's smoking, a transpUcental effect might 
be a reasonable explanation. In this study and others, 3334 
increased nsks were generally related to father's smoking 
only. Little increased risk was associated with mother's 
smoking, suggesting a passive rather than a transplacental! 
mechanism. Our failure to find a similar effect for mother’s 
smoking might be due to the fact that they smoked fewer 
cigarettes than fathers or smoked different types of ciga¬ 
rettes. Although children may spend 1 more lime with their 
mothers than with their fathers, it is also conceivable that 1 
mothers do not smoke when actively engaged in child care 
activities. 

The increasing frequency of women smoking after the 
192CK shouldiprovide future studies with increasing power to 
detect any late effects of maternal smoking on offspring. The 
first sizable cohort of individuals exposed to maternal smok¬ 
ing is only beginning to reach the age at which cancer most 
commonly occurs. 
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I Mortality Rates in Boston (and Other Large Cities), 1911 I 

Boston's death rate for 1911 was 17.1 , which is high compared with rates of most other large 
American cities. 

The 191} rates for the other cities having over 500,000 inhabitants were—Cleveland 1335; 
Pittsburgh 14.94; Chicago 14 35; Sew York 1522; St. Louis 1536; Philadelphia 16,51; and Baltimore 
18.43 . 

A brief analysis of these rates is desirable. 

Typhoid Fever:— Fromtyphoid Boston had the lowest rate of all the cities. The rates per 100.000 
were as follows .—Boston 9 14; Chicago 10,78; New York 10.99; Philadelphia 14,11; Cleveland 14.46; 
St. Louis 15.56; Pittsburgh 25.81; and Baltimore 2728. 

Scarlet Fever:— The rates were Baltimore 7.79; Pittsburgh 9.95; Boston 10.74; Philadelphia 11.33; 
Sew York 1325; Chicago 2120; St. Louis 2726; and Cleveland 31.12. 

Diphtheria :—The rates were Baltimore 12.05; St. Louis 16.84; Boston 18,00; Cleveland 21.94; 
Pittsburgh 25-.60. Sew York 25.84; Philadelphia 31 SI; and Chicago 39.11. 

Measles:— The rates were Chicago 5.75; Cleveland6.63; Pittsburgh 9.59; Boston 10.74; Sew York 
1325; Baltimore 13.63; St. Louis 15.84; and Philadelphia 19.30. 

Whooping Cough: —The rates were Chicago 2.45; St. Louis 4.57; Philadelphia 7J4; Sew York 
7.75; Baltimore 850; Cleveland 14.80; Boston 15.68; and Pittsburgh 19.54. 

Taking all these diseases together, Boston had the lowest rate with 64.50 per 100.000; the others in 
order were Baltimore 69.25; Sew York 70.88; Chicago 729; St. Louis 80.07; Philadelphia 83.59; 
Pittsburgh 88.49; and Cleveland 88,95. 

Tuberculosis of the Lungs :—The rates per 100,000 were Cleveland 121.77; Pittsburgh 130.88; St. 
Louis 13529; Boston 154.88; Chicago 165.98; Sew York 17739; Philadelphia 18731; and Baltimore 
205.12. 

This analysis of the communicable diseases should be extremely gratifying to the people of Boston. 
However,,ii fails to reveal the reason of Boston'shigher rate. But a study' of the figures for 1910, for 
which: year more complete figures are available, will show much more. . . . 

Cancer, cerebral hemorrhage, organic diseases of the heart, pneumonia and violent deaths stand 
out as the principal causes which have comparatively high rates in Boston. . . . 

There are rwo reasons why Boston has such a large number of deaths of non-residents. First it has 
a population in its immediate suburbs greater than the population of the city itself . These people labor 
in Boston and when ill come to Boston hospitals. The other reason is that Boston is the recognized 
medical centre for all Sew England and attracts those afflicted with cancer, for example, a disease 
more prevalent in the Sew' England States than in any of the other registration states. 

Moreover in 1910 Boston had a larger percentage of its deaths over 6 years of age than any of the 
cities under consideration. In a word, Boston is an old dry and has many old people. . , . 

But in a word it may be safely said that Boston's high rate is largely due to its geographical 
position in the centre of populous suburbs, and to its fame as a medical centre, and not, as has been so 
often intimated, to the unhealthful conditions in the city . 

—Davis WH: Boston's death rate. Am J Public Health 1912; 2:63&-b40. 
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CUMULATIVE EFFECTS OF LIFETIME PASSIVE 
SMOKING ON CANCER RISK* 

Dale P. Sandler Allen ]. Wilcox 

Richard B. Everson 

Epidemiology Branch, Biometry and Risk Assessment Program, 

National Institute of Environmental Health Sciences, Research 
Triangle Park, North Carolina, 

Summary Cancer risk from cumulative household 
exposure to cigarette smoke was evaluated in 
a case-control study. Overall cancer risk rose steadily and 
significantly with each additional household member who 
smoked over an individual’s lifetime. Cancet risk was also 
greater for individuals with exposures during both childhood 
and adulthood than for individuals with exposures during 
only one period. These trends were observed for both 
smoking-related and other sites. These findings arc 
preliminary and must be confirmed with other studies. 
Nonetheless, they suggest that effects of exposure to the 
cigarette smoking of others may be greater than has been 
previously suspected. 

INTRODUCTION 

Increased risk of respiratory illness in children/ 1 * * * 5 * * * 9 
changes in respiratory function in children and adults, 4 - 5 risk 
of childhood tumours, M and risk of king cancer and possibly 
other adult cancers 9 54 have all been reported as possible 
effects of exposure to other people's cigarette smoke (passive 
smoking). Adult cancer risk from childhood exposure to 
parents’ smoking has also been discussed] 14,15 These studies 
considered the independent effects of exposure in one period 
to cigarette smoke from only one source, even though 
individuals may be exposed to a number of sources over their 
lifetime. 


♦Some of this material wu presented «t the tnnuai meeting of the society for 
Epidemiolbgie Research, June, 1984, Hcwnon, Text* USA. 


In a study of adult cancer risk related to parents’ smoking 15 
we collected data on exposure to cigarette smoke of not only 
parents, but also spouses and other household members. In < 
the present study cancer risk in relation to cumulative passive 
exposure to cigarette smoke was examined. We did not collect 
data on exposures outside the home, but were able to consider 
whether cancer risk increases with the number of household 
members who smoke. 

METHODS 

Study methods have been reported eliewhere. 15,15 Cancer 
patients were selected from i hospital-bated tumour registry. They 
included all those with cancer diagnosed between July 1,1979, and 
March 31, 1981, and assumed to be alive on March 31> 19B1L 
Patients ranged from 15 to 59 years of age at the rime of diagnosis, 
and all cancer sites except basal-cell cancer of the skin were 
included. Patients were restricted to age 59 and younger to 
maximise the likelihood of maternal smoking, since few women 
were smokers before 1920. 

Of 740 eligible cancer patients identified from the rumour 
registry, 107 (14%) died before we could contact them. An 
additional 115 (16%) either refused to participate or could not be 
contacted. 516 (70%) patients completed questionnaires. Control 1 
subjects were cancer-free and of the same race, sex, and age (±5 
years) as patients. They were friends or acquaintances of patients 
(n»309) or were randomly aelected by systematic telephone 
sampling (n* 209), Patients and control subjects were also similar in 
occupational category and smoking habits. Analysis wu restricted 
to individuals who lived with both natural parents for most of the 
first 10 years of life. Results are reported for 369 patients and 409 
control subjects who supplied information about the smoking habits 
of their spouse and parents. 

Information on exposure to cigarette smoke wu obtained by 
means of a structured questionnaire that was sent to all subjects. 
Another questionnaire wu sent and follow-up telfcphone calls were 
made when a response to the first'questionnaire wu not obtained. 
Childhood exposure to cigarette smoke was assessed from 
questionnaire reports of smoking histories of parents and 
information on other household members who smoked. Subjects 
were considered to be exposed during childhood if one or both 
parents smoked cigarenes in the house before the subject wu 10: 
years old or if one or more other household members smoked during 
that period. Passive exposure to cigarette smoke during adulthood' 
wu estimated from the number of years of marriage during which a 
spouse smoked. Subjects were considered to be exposed if they had a 
spouse who smoked regularly at any time during their marriage. 
Active smokers were defined u those who ever smoked as many u 1 
cigarette a day for u long as 6 months, 
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TABLE 1— OVERALL CANCER RISK FROM HOUSEHOLD EXPOSURE TO 
CIGARETTE SMOKE 


Number of household mem ben who smoke 


_ 

0 

1 

2 

3 or more 

Combined pv up 





Patients 

54 

127 

123 

48 

Control, subjects 

99 

161 

97 

34 

Odds ratio: 

1-0 

1*4 

2-3* 

2 -6*+ 

A an* rmokrrr^. 





Piuenis 

22 

60 

78 

35 

Control subjects 

38 

73 

60 

25 

Odds ratio 

! i*o 

1-4 

2 -2* 

2-4'f 

Scn-TmoJtm 





Patients 

52 

67 

i 45 

13 

Control subjects 

61 

88 

37 

9 

Odds ratio 

1-0 

1 ■ 5 

2-3* 

2 -8*+ 


•Statistically significant differences between ri*k with ipedfied number of 
exposure* and with no expoaurt, p<0 05. 

■fStatisiically significant for trend, p<0 4 01. 

^Current smokers and ex-rookerv 


We have found* 3,15 that exposure to parents' or spoute’i smoking 
contributed independently to cancer risk—ie, adjusting for one 
exposure did not alter the risk associated with the other. Thus we 
used two approaches to measure the effects of multiple exposures: 
cancer risk was examined in relation to the total number of 
household members who smoked; irrespective of when the 
exposures occurred, and in relation to the period during which the 
exposures occurred (childhood or adulthood only, or both periods). 
Odds ratios were calculated and a chi-square test was used to assess 
statistical significance. A chi-square test for Linear trend was used to 
evaluate the risk with increasing numbers of exposures in 
unadjusted 16 and adjusted 11 analyses. 

RESULTS 

Cancer risk associated with exposure to increasing num¬ 
bers of household members who smoke is shown in tabid 1. A 
smoking mother, father, spouse, or 1 or more additional 
household members who smoked during the patient’s 
childhood or a spouse who smoked while married to a patient 
each counted as one exposure. The total number of exposures 
is the sum of the individual exposures. Overall cancer ngi 
increased significantly with increasing ~~Ouihb|2jJgfr 
^exposures, with odds ratios rising frQ^^iox«l>exptfEy^> 
2 ’ 3 for 2 exposures and 2*6 for 3 or more exjwfures. 
Statistically significant linear trends were also seen when 
smokers and non-smokers were considered separately. 
Adjustment for potential differences in age, race, sex, and 
educational level did not alter these trends. 


TABLE II—OVERALL CANCER RISK. FROM HOUSEHOLD EXPOSURE TO 
CIGARETTE SMOKE IN CHILDHOOD AND ADULTHOOD 



Aft period of exposure 

No 

exposure 

Childhood 

only* 

Adulthood 

onlyt 

Both 

Patients 

54 

107 j 

58 

145 

Control subjects 

99 

124 

72 

98 

Odds ratio 

1-0 

1 -6*, 

1-5 

2 - 7*1 



( FW 



•Exposure to rooking mother, father, or other household member during 
childhood. 

t Exposure to rooking spouse. 

^Statistically significant difference* between riik with specified exposure and 
no exposure, p<0■ 05. 

JSmuiicaUy significant linear (rend: do expoaurt, expoaurt in only ooe time 
penod, expoaurt in both rime penod*, j 1 for trend • 23 • 7, p<0-01. 


We also measured cancer risk in relation to the period when 
exposures occurred (tablb 11). Risk rose by 60% for 
individuals exposed during childhood only and by 50% for. 
individuals exposed during adulthood only but was more 
than doubled for those exposed during childhood and 
adulthood (odds ratio*2-7). There was a significant linear 
trend in risk for individuals exposed in no, 1, or 2 periods. 
Again trends were similar for smokers and noD-smokers and 
were not affected by adjustment for potential! confounding 
factors. 


TABLE HI—CANCER RISK FROM MULTIPLE HOUSEHOLD EXPOSURES 
TO CIGARETTE SMOKE: SITES WITH 15 OR MORE CASES* 



Number 
of oases 

Number of exposure* 

Site 

0 

1 

2 

3 or more 

All sites 

369 

10 

I»4 

2*3 

2 ‘6* 

Smoking related*)- 

115 

1-0 

U8 

30 

3-8* 

Other 

Buccal cxviry and 

254 

1-0 

L5 

2 4 

2 *6* 

pharynx 

15 

1-0 

4-9 

51 

2-9 

Digestive tract 

30 

1*0 

0-7 

1-8 

1-3 

Respiratory tract ^ 

aSfcMifeMMUl 


«*0^7A 


,V.'2’9 

Breast 

48 

1-0 

2-0 

2-4 

3-3* 

Cervix 

Eye, brain, and other 

62 

l'-O 

1-6 

3-6 

3-44= 

nervous systtm 

29 

1-0 

2-3 

2-3 

0-7 

Thyroid 

Leuktnua and 

19 

1-0 

1-0 

31 

8-7 * 

lymphoma 

37 

10 

2-5 

5-1 

6 -84: 


•Oddi ratio* are givem 

flmludei oral cavity and pharayx, oesophagus, pancreas, respiratory tract, 
urinary tract; and cervix. 

^Statistically significant linear trends 


Cancer risk increased with increasing numbers of 
household exposures to cigarette smoke for smoking-related 
sites and for other sites that are not thought to be smoking 


related (table m). Smolfing-related sites included 



ily. The trend for the other sites 
combined was also statistically significant but the risk was 
less than that for smoking-related sites. The trends for 
cancers of the breast and cervix and for leukaemia and 
lymphoma combined were significant, but the trend for 
cancer of the respiratory tract was not. 


DISCUSSION 

If passive smoking has an effect on cancer risk the nature 
and extent of that risk are likely to differ for childhood and 
adult exposures. The dear overall trends found in this study 
might be associated with carcinogens present in tobacco i 
smoke acting through multiple mechanisms at. different 
periods of lift. We found the risk of all cancers increased 
steadily and significantly with cumulative lifetime exposure 
to household members who smoke. This trend was not 
altered when adjustment was made for confounding 
variables. 

Our findings must be regarded as preliminary. Prompted 
in pan by experimental evidence 19 we initially intended to 
measure the effect of transplacental or early childhood 
exposure to carcinogens on cancer risk in adulthood. We 
chose to investigate cigarette smoke because exposure to this 
carcinogen is both common and measurable. The finding of a 
cumulative lifetime risk from passive smoking was 
unexpected. 


Source: https://www.industrydocuments.ucsf.edu/docs/szpxOOOO 
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Wc collected information on most possible sources of 
cigarette-smoke exposure that would be encountered during 
childhood but the only adult exposure we considered was that 
resulting from the smoking of a spouse. We did hot validate 
information on smoking habits of spouses but interviewed 
more than 700 relatives of patients and control subjects to 
validate the quality of pa rental smoking histories provided by 
adult offspring. Study subjects provided adequate 
information on parents’ smoking, and the quality of these 
data did not differ between patients and control subjects. 

For adults in the United States exposures to cigarette 
smoke outside the home may be important. 20 Also the 
frequency of exposure to other people’s cigarette smoke may 
change with age, with the peak exposure possibly occurring 
during a person’s 20s. 20 We did not take exposures outside 
the home or age-related changes in exposure frequency into 
account. 

Our data are limited by small numbers of any specific 
cancer site, byrertain characteristics of our study samplfc, and 
by other features of our method; 11 * 15 No conclusions about 
the impact of passive smoking relative to the efTects of direct 
smoking can be made, since the selection of friends as control 
subjects meant they were usually matched with patients on 
smoking status. We confirmed the quality of our data and 
ruled out many, but not all, potential confounding factors. 

Although the passive smoker receives a quantitatively 
lower exposure than the active smoker, that exposure is 
qualitatively richer in many smoke constituents: there is 3 
times as much benzo(fl)pyrtne, 6 times as much toluene, and 
more than 50 times as much dimethylnitrosamine in a fixed 
volume of sidestream smoke in the gas phase as there is in 
cigarette smoke inhaled by the active smoker. 1 a The potential 
for damage from passive exposure may be greater than has 
been previously recognised. 

Our finding of dose-dependent cancer risks for sites not 
considered to be related to active smoking might' be 
questioned because active smokers arc also passively exposed. 
For some sires it is not cl tar in the literature if no risk from 
direct smoking exists or if a possible link has not yet been 
investigated. For other sites, such as the breast, some studies 
have found no cancer risk associated with smoking. 21 One 
possible explanation for this discrepancy is that in studies 
comparing smokers with non-smokers, passive smokers are 
included in the non-smoking group. This would make it 
difficult to detea a small difference in risk due to smoking. 
Few studies have evaluated the effects of passive smoking on 
risk of cancer at sites other than the lung. Furthermore, there 
is little data available on the effects of transplacental or 
childhood exposure to cigarette smoke on cancer risk in 
adulthood; 

Data from biochemical and experimental studies support 
our findings though many of these reports must be regarded 
with caution. There is evidence that non-smokers are exposed 
to potential carcinogens through the cigarette smoking of 
others. Cigarene-smoke by-products such as cotinine and 
thiocyanate have been measured in the blood, urine, and 
saliva of non-smoking aduks, children* and fetuses exposed to 
smokers, 22 ' 2 * and there has been at least one report of raised 
levels of mutagens in urine of passive smokers. 27 Greater 
activity of enzymes that metabolise benzo(a)pyrene has been 
noted in placentas of smokers 2 ** 50 and even passive 
smokers. 11 Similar increases may occur in tissues of fetuses, 
children, or adults exposed to smokers. 

Studies in laboratory animals provide evidence in support 
of an adult cancer risk from transplacental or childhood 
exposure to cigarette smoke, but this hypothesis has not been 


tested directly. 19 Data from these studies show that many 
carcinogens, including those in cigarette smoke, are aaive 
when administered transplacentally or during early life and 
may produce effects at lower dotes than those required for 
adults. 12 ' 5 * Some low-dose exposures which arc not in 
themselves carcinogenic increase the sensitivity, of exposed 
animali to later carcinogenic exposures. 37 * 51 In other 
experiments tumours resulting from transplacental and early 
postnatal exposures were not apparent until (he animals were 
fully developed and did not necessarily differ in site or 
morphology from spontaneously occurring tumours 12,39 
This is consistent with our finding of raised risk for adult 
tumours at many sites. 

Future studies should include cancer sites not necessarily 
associated with aaive smoking and should take into account 
childhood sources of passive smoke exposure. 

Correspondence should be sddresaed 10 D, P. S, Epidemiology Branch, 
NIE HS, PO Box 12233, Mail Drop A3-02, Research Triangli Ptrh, NC 277 09 
USA 
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It U unclear whether the result in the youngest cohon can be 
explained by aggressive tumour growth, by too low a sensitivity of 
the mammographic test, by too short a follow-up, or by chance. The 
absence of any effect so fax in the youngest age-group corresponds 
with the early results of the age-group 4CM9 at entry in tbt Health 
Insurance Plan (HIP) trial! 5 yean after the HIP screening 
programme had begun, the number ofbreast cancer deaths was 19 in 
the study group and 20 in the control group (RR- 0*95) 3 10 years 
after the start the RR was 42/54(0*78), and 14 years after the start it 
was 46/61 (0*75).* Ncverthelen the HIP investigators hesitated to 
accept this finding as evidence of the effectiveness of screening 
under sgt 50. 

In Nijmegen • disease atage classification tystero according to 
mammographies I and/or hist opatbologi cal tumour size was used. 
"Advanced stage” means that the axillary lymph nodes were 
histologically involved or that the lesion consisted of infiltrative 
carcinoma and was at least 2 cm in size. In the age-group 35-49 at 
diagnosis 38% of 40 screen-detected cases had advanced disease 
stage, as opposed to 4 out of the 6 cases in women who did not 
participate in the screening programme. According to these figures 
a subsequent mortality’ reduction can be expected in the youngest 
age-gTOup. 

Finally, attention should be paid to tbe weak effect ofscreening on 
breast cancer mortality in the oldest age-group. It is assumed that 
breast cancer grows rather slowly in this group. 5,6 As a 
consequence, the lead-time should be very long, and a strong effect 
could be expected after a longer period of follow-up. The odds ratio 
for the birth cohon born before 1910 is now only 0*81. Maybe this 
RR estimate is weak because of different underlying mortality risks 
(independent of any screening effect) in the participating and non- 
participating groups. Maybe differcnres in patient'* delay explain 
that the effect was less favourable than expected; And maybe 
selective misclassification of the death certificates is another 
explanation; Fun her studies will focus on these potential biases. 
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LIFETIME PASSIVE SMOKING AND CANCER RISK 

Sir, -Dr Sandler and colleagues (Feb 8, p 312), in a preliminary 
report, describe the relative cancer risk for persons living in 
households with 0, 1, 2, and 3 or more members who imoke. The 
risk increased, both for active and for non-smokers, with the number 
of household members who smoked, and Sandler et al suggest that 
exposure to ambient smoke in the household might be responsible. 

In table i they normalise the odds ratio for cancer risk to unity for 
households with no (bther) smokers and disregard exposure to 
cigarette smoke outside tbe home. Calculating to two decimal 
places, the odds ratios for households with 1 (other) smoking 
member are T 42 for active smokers and 1 *45 for non-smokers; for 
households with 2 (other) smokers the corresponding ratios are 2 * 25 
and 2 ■ 32; and for 3 or more, the ratios are 2 -42 and 2 ■ 75. The risk 
ratios for active smokers are therefore, within the ereor limits, the 
same as for dod- smokers, to simplify the argument, I shall treat 
them as identical. 


Suppose the average risk of cancer is N from all causes 
unconnected with smoking, A from active smoking, and P from 
passive smoking. An active smoker is also a passive smoker of his 
own ambient cigarette smoke, so the total cancer risk for active 
tmokers in households with no other unoker is N + A+P, in 
households with 1 other smoker the risk is N+A+2P. For non- 
smokers, the corresponding risks are NandN + P. Because the dat» 
of Sandler et al imply that odds ratios (and hence the ratios of 
relative risks )i are virtually identical we require that 
(N + A+2Py{N+A+P)-(N + P>hi. In other words A + P-0. This 
same relation is obtained from relative risks in households with 2 
and with 3 or more (other) smokers. A multiplicative model, in 
which the cancer risk in, for examplt, an active smoker in a 
household with no other smokers is of the general form, 
N(l+A + P), where A and P are now proportional to the 
concentration of elective carcinogens in active and passive 
smokers, respectively, also yields the same equality. 

The relation A + P-0 leaves us with three possible 
interpretations: 

(1) Active and passive smoking are both non-cardnogertic 
(A - P ■ 0). (2) Active smoking is carcinogenic and passive smoking 
it prophylactic (A - -P)j (3) Active smoking is prophylactic and 
passive smoking is carcinogenic (P- - A). 

The statistical uncertainty in Sandler 1 * tablfe i is Urge enough to 
permit slightly less parsddxical inferences, but lei us pursue the 
unthinkable a little farther. 

Three randomised controlled intervention trials (the Oslo study, 5 
the Whitehall study 2 and MRFIT 3 ); provide a direct 
epidemiological test of the hypothesis that giving up acti ve smoking 
reduces the risk of cancer. In the "intervention” (16w-smoking) 
groups in these three trials together there were (including 
registrations as well as deaths in the Whitehall study 2 ) 149 cancers 
in a combined entry population of 7746 (1*92%); while in the 
relatively high-smoking control groups there were 121 cancers in 
7797 (1*55%). From the orthodox viewpoint—namely, active 
smoking causes at least 30% of all cancers—these findings are as 
paradoxical as tbe inferences from Sandler’s study. We might just be 
able to postulate complicated, though implausible, causal models to 
account for Sandler and colleagues’ table 1, or we may put those 
results on one side because of their preliminary character. It is more 
difficult to evade the implication of the methodologically reputable 
randomised trials; active cigarette smoking has little or no net 
carcinogenic action. 

Department et Medical Pbyiwa, 

TJoiverory of Le*d», 

Gmcnl Jn/irnury, 

Lcedi LSI 3EX PHIUF R. J. BURCH 


1: Hermann 1, VeFw Byrr K, Holme 1, Lefts f. E/Tm of dir end tankini intemauon 
cetbe UJCvdcDct of coronary heart diene Report from ihe Otlo Study Group of a 
nuadoouacd irial is bealtby men Lawn 1911, u 1303-10 

2. Rom G, Himilian FJS. Colwell L, Shipley MJ A nsdotuned coo trolled iml of inti- 

■nokmt advice. 10-ycv raulu J Eptdtm*) Cemmv* Wtk \ 962, M; 102-08 

3. MRFIT Reaearcb Group. Multiple nil /actor mtrrrrntwc trul; Rial /acton etaanjei 

aod SkonsJity rtaulu }AMA 1982, 141 ; 1443-77. 


Sir, ^Dr Sandler and colleagues’ paper on the cumulative effects 
of lifetime passive smoking on cancer risk appears seriously flawed;, 
They compared 518 out ofa total of740 cancer patients aged 15^59 
from a hospital-based tumour registry*, with 518 controls of the same 
age, sex, and race. 309 controls wtre friends or acquaintances of the 
patients and 209 were randomly selected by systematic telephone 
sampling. Results are presented for 369 (70%) cases and 409 (79%) 
controls. Apart from death before the subject* could be contacted 
and refusal, only those persons who had "lived with both natural 
parents for most of tbe first ten years of life” were analysed. Wc arc 
told that they supplied information about the smoking habits of 
their spouse and parents. Presumably, they also supplied 
information about their own smoking. 

, The results are shown in three tables, only dne of which 
differentiates between active and passive smoking, and none of 
which differentiates between sex, age, and race. The belief that 
these factors do not matter because they were matched for is 
unsound. The reader has no idea how differences between those 
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initially chosen and those finally analysed could have influenced the 
results. Moreover, as loon as the group* are stratified by active 
smokers and never imokers, the matching is broken. Until the 
results have been presented for noD-smoken by age, ia, and race no 
conclusions can be drawn; 

Furthermore the truncated age group (15-59 years) has resulted 
in an unrepresentative aelfeciioD of cancer cases. Even so, the 
distribution by cancer site seems strange: there were 62 (17%) 
cancers of the cervix uteri but only 19 (5%) cancers of the 
respiratory'; tract and 48 (13%) breast cancers. The trend in cancer 
risk from multiple household exposures to cigarette arooke is least 
impressive for cancer of the respiratory' system, where an effect 
might be expected to be greatest, and most striking for leukaemia 
and lymphoma where any biological explanation is, to say the least, 
obscure. The most extraordinary finding appears to have been the 
very similar trends in cancer risk with number of household 
members who smoke irrespective of whether the cases smoked or 
nor. Indeed; Sandier and colleagues* publication on the same 
material in the A merican Journal of Epidemiology (1985; 121: 37^48) 
shows that the effect of passive smoking on cancer risk appears to 
have been greater than the effect of active smoking. 

School of Public Health, 

University of Michigan. 

Aw»Arboi,Mictu*ia4a]09,USA lAN Hi COINS 

VThese letters have been shown to Dr Sandler and colleagues, 
whose reply follows.— Ed. L. 

Sir,— Professor Burch presents an algebraic rearrangement of our 
data that suggests that smoking is protective. His approach assumes 
that childhood and adulthood exposures are interchangeable. As we 
indicated in our paper, the apparently linear trends in table i 
simplify a complex set of rtlitionships- Our data illustrate that 
childhood and adulthood exposures may contribute independently 
to cancer risk in adulthood, but this does not imply that these two 
exposures are equivalent. Data we present elsewhere suggest the 
two risks may, in fact, be different (ref 1, and unpublished). As 
shown in the accompanying expansion of table U; the odds ratio 
associated with passive exposure only as an adult was 1*8 for 
non-smokers but only 1 *2 for active smokers (not equal, as Burch’s 
analysis requires). For childhood exposures, the opposite was true: 
the odds ratio was 1 * 9 for smokers and 1 • 3 for non-smokers. Thus, 
passive exposure in childhood sttms to have its greatest effect 
among persons later exposed to a carcinogen (their own smoking), 
while passive exposure m adulthood has its largest effect among 
persons not actively exposed. In short, our data do not support the 
simplified biological assumptions Burch requires for his analysis. 

Dr Higgins raises concern about possible biases in the study and 
requests additional data. The information be seeks is provided in a 
paper he rites. 1 As explicitly stated in both papers, there was no 
confounding by the variables mentioned by Higgins. The 


OVERALL CANCER RISK FROM HOUSEHOLD EXPOSURE TO CIGARETTE 
SMORE IN CHILDHOOD AND ADULTHOOD 




Age period of exposure 



No 

exposure 

Childhood 

only* 

Adulthood 

on!y+ 

Both 

Active smokers 





Patients 

22 

63 

25 

92 

Control* 

M 

58 

37 

65 

Odds ratio 

1-0 

un 

_1*2 

^6 / 

2-4t*S 

Nomtmokrn 


1 



Pane du 

32 

44 ! 

33 

53 

CociroU 

61 

66 

35 

33 

Oddi ratio 

| 1-0 

1-3 

1*8+ 

1-5 

3 1*,S 


* Exposure to mother, Esther, or other household member duhof childhood 

■f Exposure to tracking spouse 

^Significant di/Terencc* be twe en nak with specified exposure end do exposure (pCtNOT): 

Ip-0 051 

SSuumeaJly mynificam linear trend: do exposure, exposure in only one tax penod, 
exposure in both time period* (j* for tread, p<D< 01); 


“truncated" age group was chosen because i primary aim of our 
study was to evaluate effects of mothers* smoking; Since few women 
smoked before 1920, we studied cases who were younger than age 60 
in l980. lt will be several years before cancer mk associated with 
mothers* amoking can be evaluated for older persons. The 
distribution of cancer mes studied resulted from methodolOgic 
decisions and hospital referral patterns which were discussed in the 
papers. Nonetheless this group was not preselected on the basis of 
any prior hypothesis, and it is not easy to see how inclusion of more 
cancers that are “unrelated" to cigarette smoking would lead to an 
inflated overall cancer risk from passive smoking: 

Higgins cites our finding of s leukaemia effect as one for which 
“any biological explanation is, to>say the least; obscure**. On the 
contrary, cigarette smoke contains chemicals known to be 
ieukaemogenic, and has been associated with increased leukaemia 
risk in many, 2-5 although not all 6 studies. Some of these studies fmd 
an apparent dose-response, especially for non-lymphocytic 
leukaemias. 2 * 3 ' 5 The 40-50% increase in leukaemia risk among 
smokers is much smaller than that reported for other sites such as 
the lung, which may account for the lack of interest in smoking and 
leukaemia. Experimental and biochemical data from a variety of 
sources (refs 7 and 8, and discussed in our papers) are also consistent 
with a possible association between leukaemia risk and exposure to 
cigarette smoke. 

There is one final point. Our study was not designed to compart 
the effects of active and passive smoking. Our method of choosing 
friend controls inadvertently matched for active smoking, which 
erases the possibility of observing an effect due to active smoking. 
Higgins* comparison of thr effects of active and passive smoking is 
not meaningful in our data, 

The questions raised by Burch and Higgins do not persuade us 
that our study is “seriously flawed". We stress the need for 
additional studies and strongly urge investigators to consider that 
the range of possible effects from active and passive exposure to 
cigarette smoke may be broader than has been thought. 


Nxrwnal laniture o ( 
Environmental Health Science*, 
Research Triangle Park, 

North Carolina 27709, USA 


D P. Sandler 
A. J; W'lLCOX 
R. B. Everson 
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REDUCED RESPONSE OF URAEMIC BLEEDING TIME 
TO REPEATED DOSES OF DESMOPRESSIN 

Sir,— Treatment with desmopressin (l-dcamino-8-D-arginine 
vasopressin; DDAVP) shortens prolonged bleeding times in 
patients with von W’illebrand disease, 1 platelei defects, 2 and 
uraemia, 3 ' 5 and in healthy subjects. 2 The bleeding time correction 
by desmopressin has been attributed to the raising of plasma 
concentrations of high-molecular-weight forms of factor VIII 
(FVIII) related antigen and von W illtbrand factor (vWT) activity. 6 
In uraemia FVIILvWT concentrations are normal to high even 
before desmopressin; here, the presence of abnormal multimers 
may explain why normal multimers, provided via desmopressin 5 or 
cryoprecipiiate* 7 are effective. 

Published experience with desmopressin in uraemia is limited to 
short-term responses. When wt gave cryoprecipitate (30 ml/kg) in 


i 


Source: https://www.industrydocuments.ucsf.edu/docs/szpxOOOO 
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of urease; ail these specimens yielded a heavy growth ofCpyiondis. 
One-third of tesrs were positive by 3 h and half by 6 h. 

The advantage of this rapid test is the achievement of a diagnosis 
of C pyfandu gastritis on the same day that patients attend for 
enddscopy, thus avoiding a second hospital appointment. We have 
found this very useful for the enrolment of patients into a 
therapeutic trial comparing medications. 

We thank our colleagues for obtaining the biopsy samples. 


DrparrmcBi of Medical Mjcntfatoidgy, 
Dudley Rood HoapiuL 
BtrmiofhafB I1I7QH 


Qjodna a. M. McNulty 
R. Wise 
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CAMPYLOBACTER PYLORIDIS IN PEPTIC ULCER 


Sir,— We read with interest Eh Rathbone and colleagues' letter 
(May 25, p 1217) in response to our April 20 report and apologise for 
our failure to make it clear that all peptic ulcer patients were 
diagnosed by endoscopy and that the sera studied were collected 
before treatment. The antibody assays were performed under code. 

The 50 members of laboratory staff did not undergo endoscopy 
(for obvious reasons) nor have they been labelled as a reference 
group. Similar remarks apply to the children's sera, which were a 
genera! coUtoion referred to our hospital for viral studies. The 
purpose of our communication was solely to report the difference 
found between these coho ns. The data encourage speculation as to a 
link between Campylobacter pyfondis and peptic ulcer. The raised 
titres in well people may be due to symptomless infection, perhaps a 
carrier state—this is not unknown in infectious diseases and has 
provided a stimulus to epidemiologicaily based studies. 

Rathbone et al suggest that under some circumstances a specific 
gut IgM response might occur without either an IgA or IgG 
response. This is at odds with generally accepted mechanisms of gut 
immunity, which regard IgA as the first immunoglobulin of 
response m the gut. 1 


Fairfield Infect imu Dmaan Hr^pnat, 
Fairfield. Victoria 307S. AuairaUa; 

and Alfred Ht+puai. 

Pnhran 


J. Kaldor 
B Dwyer 
Wee Tee 

Peter McCarthy 
Jan Watson 
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LIFETIME PASSIVE SMOKING AND CANCER RISK 

Sir,—D r Sandler and colleagues (Feb 8, p 312) present results in 
their table I showing that odds ratio* for overall cancer risk increase 
markedly in relation to the number of household members who 
smoke, and this increase is similar for active smokers as for non- 
smokers. Professor Burch (April 13, p 866) comments that this 
similarity leads to the paradoxical conclusion that the average 
effects of active smoking and passive smoking must be equal and 
opposite. In reply, Sandler and colleagues point out that this 
equality is m reality a superficial averaging of two findings—a 
greater odds ratio for non-smokers than smokers in relation to 
passive smoking as an adult, and • greater odds ratio for smokers 
than non-smokers in relation to passive smoke exposure in child¬ 
hood. Surely, however, the latter finding is even more implausible 
than equality of effect in smokers and non-smokers. On any 
plausible model, the relative effect of passive smoking should be 
greater in non-smokers, who start from a smaller background level, 
than m smokers. Mathematically, if 0 is the background level of risk 
in the absence of passive smoke exposure and 6 the increments risk 
resulting from passive smoke exposure, the odds ratio (0+ <5V/J will 
tend to be smaller the greater the value of 0. 


Sandler’s findsp are implausible in other respec t* —notably the 
large effect claimed for passive smoking for a number of cancers 
(breast, thyroid, leuka em ia/lymphoma) that are generally believed 
to have Little or no relationship to active smoking—and attention 
must inevitably centre on the adequacy of the study methods used. 
The choice of controls used in this study, a mixture of friends or 
acquaintances of patients and people randomly selected by 
systematic telephone sampling, is certainly unusual and seems very 
open to question Sandler and colleagues admit that the study 
cannot be used to relate active smoking to risk of cancer, since 
estimates will be biased by the similarity of active smoking habits of 
friends. Surely, since active and passive smoking are strongly 
correlated, bias in studying the relationship of passive smoking to 
risk of cancer will also arise. 

Bias may alao arise because of the difference in method of 
approach. Thus, in a separate paper, 1 Sandler et ai note that the 
proportion of subjects not answering questions on marital status 
was over three times grearer in controls than in cases. If there are 
highly significant differences in the proportion of certain questions 
being answered at all, how does one know that there are not highly 
significant differences in the way the passive smoking questions are 
dealt with? 

Given that active smokers receive substantial passive smoke 
exposure from their own cigarettes, it is a priori implausible that 
passive smoking should increase risk of cancers that are doc 
associated with active smoking. Seen in this light, a much more 
appropriate analysis of Sandler's data would be to treat patients with 
smoking-related cancers as cases and patients with non-smoking- 
related cancers as controls. Calculations from dau presented in 
table ra of their Lanm paper indicate that there is no significant 
relation between passive smoking and cancer risk if the data arc 
analysed in this way. This is a more plausible finding, and consistent 
with the results of my 1984 review 2 which concluded that there is as 
yet no convincing evidence that passive smoking results in any 
material nsk of serious health hazards. 

P N Ln Snruncs md Computing Led, 

2 9 Cedar Road, 

Sutton. Surrey SM2 5DC PETER N. LEI 

I■ Sandier DP, Evcnoe RB. Wilcox A). Pawn ■ohaf in adulthood md oncer rwk. 
Am J Epdmmmf IMS, 111: 37-«t. 

2 . Let PN Pmam noting. la: Cumaung G, Bomigscrc G. a*. Smnfcmg and tbc lung. 
Plenum, Near York. 1M4. 

Sir,—I n their reply accompanying my lener of April 13(p 866) Dr 
Sandler and colleagues misrepresent me as arguing that “smoking is 
protective”. In fact I pointed to three possible interpretations of 
their findings and concluded that “active smoking has little or no 
net carcinogenic action”. The new breakdown of their findings does 
not eliminate the paradoxes implicit in the aggregate data. 

Department o* Medical Phywa, 

General Infirtnarv. 

L«d »lsi iex p. R. J. Burch 

BENZTROPINE INHIBITS TOXICITY OF MPTP IN 
MICE 

Sir,— The discovery that MPTP(l-methyl-4-pbenyM,2,3,6- 
tetrahydropyndine) causes irreversible parkinsonism in man and 
other primates has provided new clues as to the cause of Parkinson’s 
disease. The ability of MPTP to produce a relatively specific 
destruction of dopaminergic mgrostnatal neurons can be prevented 
by inhibitors of the enzyme monoamine oxidase B, including 
deprenyl* m primates 1 ’ 2 and mice.* Deprenyl (selegiline 
hydrochloride) has been in use in Europe for some years as an 
adjunct to levodopa treatment because of its ability to inhibit' 
dopamine catabolism in the brain. Now it is suggested that'early 
treatment wuh deprenyl might slow or even prevent progression of 
Parkinson’s disease by preventing toxicity of some MPTP-like 
substance conceived as responsible for Parkinson’s disease. 

MPTP is not neurotoxic; its oxidation product MPP” (l-methyl- 
4-phenyl pyridine) .is.* MPP" accumulates in mgrostriatal neurons 
via the dopamine neuronal uptake system; MPP* uptake into rat 
striatal synaptosomes is inhibited by dopamine uptake inhibitors 


Source: https://www.industrydocuments.ucsf.edu/docs/szpxOOOO 
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Letters to the Editor 

RE: *PASSIVE SMOKING IN ADULTHOOD AND CANCER RISK" 


It m unfortunate that Sandler «t aL (l) did not 
obtain information on, or account for, additional pos- 
aibl* confounding variable* in their study. The only 
one* that they report having included were age. mi, 
race, active smoking, education, blue collar vt white 
collar occupation, and parental smoking. We have 
found that the amount of passive smoking was corre¬ 
lated with self*reported exposure to occupational has- 
ards, use of marijuana, and alcohol intake (2). Thus, 
for example, the increased risk of breast cancer ob¬ 
served by Sandier et al may be due to increased 
l*Jcohol intake (3) rather than to passive smoking. 
Perhaps exposure to occupational haxtrds explains 
Ihe slightly Increased risk of hematopoietic cancer (4) 
JLmong passive smokers, and husbands’ sexual bebav- 
6r associated with the smoking habit (5) accounts for 
an increased risk of cervical cancer. The authors al- 
Haied to this Last possibility, but did not rule it out. 

Sandler tt al. Cl) were cartful to point out thet the 
associations that they found V.. might relate to ocher 
factors we have not measured or to deHciendee in 
study design.* However, they went on to state that 
they “have not been able to identify a possible con- 
founder .v. that could have caused the difference in 
smokini patterns of spouses between cases and con¬ 
trols.* The above suggestions represent s few possi¬ 
bilities. 

Sandler et al also pointed out that sidestream 
smoke has higher concentrations of certain carcino¬ 


gen* than mainstream amoka. Nevertheless, because 
(a) the dosage of smoke is so much lower in passive 
than in active smoking, and lb) smokart also •pas¬ 
sively* breath# **de*ir*em smoke in addition in inhal¬ 
ing mainstream smoke, it would be surprising if pas¬ 
sive smoking Actually caused any cancers thet were 
not associated with active smoking. 

fUmtNCts 

L Sandler OP. Everve* RB, WUcoi AJ. Pewiv* smoking in 
eduiihood ted oncer risk. An J EptdetatoJ 194A.12I.J7- 
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1 Frieda** CO. Peuui OB Bew al RD. Prevalence end 
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1 Hisu RA, Bawd RD. Akohotk beverage mneumpuoe 
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Jr. eda Cancer eptdeeuolocr and prrvenuon. Philadel¬ 
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Cary D. Friedman 

Dtparunera of .Wrdiraf Method* Research 
Kaiser Permanent* Medical Cart Program 
Oakland, CA 94611 


RE: *PASSIVE SMOKING IN ADULTHOOD AND CANCER RJSK m 


Sendler tt al. (1) removed much of the impropriety 
M their demonstration of sn effect of passive smoking 
generally in raising the risk of cancer by focusing 
particular attention on the instances in which the 
study case was t nonsmoker. But tube uncial impro¬ 
priety remaina. 

First, it gives causa to wonder bow passive smoking 
could give rise to a doubled nu of cancer generally, 
including cancer of sites not previously associated with 
direct smoking of cigirettes. Thoee specific sites are 
only identified in their tabic giving results for non- 
tmokers plus smokers combined, with the added risk 
for passive smoking then sho«n st 60 per cent. The 
.•rude edded risk of lung esnetr from passive smoking, 
smokers plus nonsmokers combined, is shown as 90 
•ser cent, but based on only 22 cases of lung cancer— 
of whom only two were nonsmokers So only two 
.•onsmoking lung cancer cases were svailable for judg- 
ng the true effect* of passive smoking on lung cancer. 

Elsewhere (21, the study of passive smoking has 
focused specifically on lung cancer and specifically 
among individual* who themselves were nonsmokers. 
ue. the nonsmoking wive* of smokers, and. even so, 
such studies hove been subject to criticism 13V. 

In Sandler ei it. til, the authors have given osten¬ 
sible concern lor pounual confounding factorv Per¬ 


haps others would agree that confounding factors have 
been taken into account, but not in my opinion. The 
issue of what is a confounding factor has become 
•o confused that ! have hesitated to get into the fray. 
1 just look to see what is sensible, (loci den tally, the 
same issue of the Journal dot* carry an item (4) on 
confounding). 

What the authors It) treat as confounding factors 
art age (in broad age categories), sax. race, smoking 
(not relevant for the analysis on nonsmokers), three 
broad education groups, two broad occupation groups, 
and whether either parent smoked. Presumably, the 
factors adjusted for simultaneously in the analysis of 
passive smoking among nonsmokers arr age. race. sei. 
and education. 

But, somehow. \ do not think of age as s confound¬ 
ing factor. Rather, it is a logical factor which must be 
taken into account in any reasonable analysis if one 
wants to come up with reasonable results. Much the 
same is true of race and sex. though I am leas certain 
about level of education. 

A truly confounding factor to my sund would be 
something like smoking and alcohol consumption. If 
heavy dnnken are alio heavy smokers, to run* out 
their separate effect* could be a problem. Anyway, if 
we are concentrating on passive smoking among non- 


3$7 
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moktn, then «t are cont resting families with a single 
tmokcr agilnst families *h«r* neither ipow smokes. 
And differences could exist between them. Thu* we 
might mI: 1) Are their alcohol consumption habits 
lh« same'* 7) What are the differences in their dietary 
fcabiu? 3) How might they differ in age at first inur- 
couraa, frequency of intercourse, circumcision status 
of husband, etc.? 4} Are numbers of children or preg • 
nancies and ages at first birth or pregnancy the aame 
for single-smoker and nonsmokar families? 5) What 
(rue differences may exist in occupations leading to 
cancer? 

These possible correlates of amok inf practice might 
account for the observed differences reported in can¬ 
cers of a variety of sites, and these are the true 
potential confoundinf factors, whether or not we art 
in a position to gel at them. What Sandler et al. have 
taken as potential confoundinf factors are just the 
•traifhtforward factors requiring adjustment that any 
reasonable epidemiologist would employ. 

One particular thing strikes me about the Sandler 
•t al. atudy. Passive smoking has been shown to double 
the risk of all cancers among norumokers, albeit true 
confounding factors have not been taken into account. 
But studies focusing on lung cancer among nonamok* 


ers consequent on passive smoking have also come up 
with about the same doubling of mk. To other crui^ 
cisms made of such other studies may be added that 
they may be overlooking true confounding factors 
The true criticism of passive smoking remains—it 
as an unpleasant burden to impose on the nonsmoker. 
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RE; •PASSIVE SMOKING IN ADULTHOOD AND CANCER RISK * 


*♦ 


h is ironic that whereas a few of us agonize over 
(he question of whether active smoking is a major 
cause of lung cancer others seem willing to believe 
(hat passive smoking causes an appreciable incidence 
of King and other cancers. 

Sandler tt al. <11 purport to have studied cancer 
risk in relation to 'passive smoking in adulthood* 
They did not-They studied cancer cases in active and 
nonactive smokers in relation, mainly, terthe smoking 
habits of the spouse Two broad aspects were consid¬ 
ered whether or not the spouse 'smoked regularly at 
any tires during their mamage", and for doae re* 
aponae relations, "the number of years of marriage 
during which a spouse smoked,* or *the average 
amount smoked by spouse." Also, the 'nonexpoaed 
group consisted of persons married to nonsmokers and 
parsons who never married" 

The smoking habit* of the epouae art, however, a 
•try poor surrogate for passive exposure to cigarette 
smoke. Thus, Repace and Lowrry (2) have estimated 
that the typical workplace exposure ia the United 
Stales is about four times the typical exposure in the 
borne. Matsukura el al. (3) found in Japan that the 
mean (± SE) urinary ootinine eicretion for 200 non* 
smokers living with no smokers in the home was 031 
± 0 09 *(/m| of creatinine; for 272 nonsmokers with 
amoken in the home it was slightly higher, at 0.79 ± 
0.10 (same units), but not significantly so. 

The assumption by Sandler et al that the smoking 
status of the spout* is a useful measure of exposure to 
ambient cigsrette smoke is. therefore, highly suspect. 
This doubt is borne out by their own study of lung 
cancer cases in which *... there was no apparent doae- 
response using either years mamed to a smoker or 
average amount smoked by spouse as the measure of 
dose .. .* (1). The observed cancer association* were 


with (he status of the spouse and not with exposure 
to cigarette smoke. That uncorrecied confounding fac¬ 
tors might have been present is further suggested by 
their finding of "statistically significant" associations 
"with several specific tumor sites ... including aome 
which are not ordinarily regarded as smoking-related * 

Assonative mating is a well established phenome 
non that extends to the smoking habit (4) and hence 
we have to consider that the underlying factors leading 
to the choice of smoking/nonsmoking spouse might 
associate with the risk of certain cancers. 

In principle, randomized trials can of course dislin 
guish between causal, constitutional; and causal-plus 
constitutional hypotheses of associations but they 
have yet to be conducted in connection with passive 
smoking However, two important studies have been 
carried out, with randomization, in the context of 
active smoking (5, 6) and, because active smokers are 
inevitably passive smokers as well, the results of the** 
trials are of immense importance not only to the 
findinp of Sandler et al, but also to general theses 
about the careinopnicily of mainstream and side 
stream tobacco smoke. 

We obtain the beat available direct epidemiologic 
test of causal hypotheses by combining the results of 
the MRFJT in (he United States (5) with those of the 
Whitehall Study in London (6). In the combined, low. 
smoking intervention groups aome 46 cases of lung 
cancer (deaths in MRFIT, death* and registrations in 
the Whitehall Study) were recorded in the total entry 
group of 7,142 men. a frequency of 0.7B per cent F«*r 
the combined, relatively high-smoking 'usual cure' 
groups the corresponding numbers were 53 in 7.169 or 
0.74 per cent. Findmp for alt cancers other than;lung 
cancer, several of which aaaociai* strongly with ng« 
true smoking, srr astonishing. Some H8 ca*ev or l.Jii 1 
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per cent, were recorded in I He combined krw-smoking 
intervention group* but only 60, or OJM per cent, in 
the high-smoking usual cert group*. l> wnoking pro¬ 
phylactic 5 Does quilting smoking result in change* of 
life style that cause cancer? Or is this finding a wild, 
but acceptable, random excursion 5 

We may not be entitled to estimate confidence 
limits from this post hoc scrutiny but the results of 
these methodoiofitally reputable randomised trials 
cast fravc doubts on the validity of orthodox claims 
about the haxards of smokinf. These claims derive, in 
the main, from case-control and prospective studies of 
•elf-selected smokers, ex-smoken and oorumoken 
which, by their very nature, can ull us much about 
association but nothing about cause. The study of 
Sandler at aL 0) docs not even ull ua about associa¬ 
tions with paaaivs smoking*, it docs, however, shad 
some inte resting light on cancer associations with the 
smoking/no ns mo king status of the spouse. 

lUrutNcn 

L Sandler DP. Everson RB. Wikss AJ Passive smoking in 
adulthood and cancer htk. Aa J Ep*de»«ol 1M6.121J7- 

41 
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Enedmao (1) and Mantel (2) have expressed some 
concerns about our passive smoking findings that arc 
concerns for us as wall 1 (3). We agTee that it would 
have been useful to have information on a greater 
number of potential confounding variables. Unfortu¬ 
nately, when conducting a study of many cancers, it 
is difficult to do justice to individual sites because risk 
factors vary widely by site. 

While the possibility of confounding variables ex¬ 
ists. some of those suggested by Friedman and Mantel 
are not likely to* explain our findings. We collected 
information on alcohol consumption, end adjustment 
for alcohol intake did not alter our results Marijuana 
use is also not likely to be a factor, since most of our 
cases were older than 40 years of age and from largely 
poor and rural areas Occupational exposures may be 
important, although it is difHcult to see how occupa¬ 
tion of the subject would be associated with spouse's 
smoking, other than as an indicator of social class. 
Simple stratification into white and blue collar occu¬ 
pations did not change our results (3), and there were 
too few individuals with the same job for a more 
detailed analysis to be meaningful Information on 
reproductive factors would have been useful and 
should certainly be included in subsequent studies 
given the observed associations with cancers of the 
breast end cervix. Since many of the factors thought 
to increase the risk of cervical cancer are thought to 
decrease the risk of breast cancer. However, it is not 
clear that those factors could explain our finding of 
elevated risk at both sites. Sexual behavior of hus¬ 
bands may also be important in cervical cancer risk, 
but reports suggest that this does not entirely explain 
the observed associations with spouse smoking (4, 5). 

Burch poinu out that the smoking habits of the 
spouse may be a poor surrogate for passive smoke 
exposure (6). Certainly total passive smoke exposure 


will be underestimated *! Friedman's data suggest (7). 
However, Friedman's data and others suggest that 
individuals who live with smoken arc likely to be more 
exposed to other people's cigarette smoke—either be¬ 
cause they are more tolerant of other people's smoking 
or beause they age often exposed to other smokers 
when in the company of their smoking spouse (7. S). 
Thus while amoking by spouse may only roughly re¬ 
flect the amount of tobacco smoke exposure, it appears 
to distinguish the moat exposed from the least ex¬ 
posed M tsc lass ifi cat ion of exposure is likely to dilute 
any association rather than create a apurioua associ¬ 
ation, unless only controls who are married to non- 
smokers are also exposed at work. Furthermore, one 
fourth of our cases and controls {35 per cent of the 
females) were either housewives or unemployed, and 
thus likely to receive moat of their smoke exposure at 
borne. For these subjects alone, the odds ratio associ¬ 
ated with spouse's smoking was unchanged at 1.6. 

As Manul has pointed out, past studies of cancer 
risk from passive smoke exposure have focused on, 
hjng cancer risk among nonsmoking women married" 
to smokers. Our study was not designed to focus on 
this issue, and with only 22 lung cancers, and only two 
among norumokers, wt can add little to clarify result! 
from those studies. 

While it may be surprising that strong relativt hskt 
were seen for sites not generally associated with ciga¬ 
rette smoking, we believe that such effects are possible 
Studies indicate that passive smoking has a pervasive 
biologic effect (6-12), making the boundaries between 
“smoking related’ cancer sites and other sites unclear 
Some sites may be considered unrelated to cigarette 
smoke because risks art less dramatic than those for 
ocher sites, or because studies have not heen done. 
While active smokera art also passive smoken. if an 
effect were due to some specific property of the side- 
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strtim smoke (».g. increased concentration of chem¬ 
ical* or decreased panicle ait*), it would b* difficult 
lo detect by comparing smokers to nonsmoktn when 
the nonsmoking group aUo include* passive smokers. 
Alternatively, one could speculate that smokers, tl- 
thoufh at increased overall ruk. may paradoxically be 
protected against tome properties of cigarette amoke. 
povsiWy through sum u la non of enzyme systems that 
men bolus carcinogen* into lea* harmful compounds 
(13, 14). The** aame mechanisms may not be stimu¬ 
lated in nonamok era who have different exposure to 
cigarette amoke. 

We would not want to argue that a biologic pathway 
ia established, but rather to aay that a plausible path* 
way cannot be ruled out. Evidence suggests that pas¬ 
sive smoking is not simply a lower dose of active 
smoking, and thus may need to be considered in a 
different light. Our findings are preliminary and need 
to be confirmed by other studies. Studies of individual 
cancer sites can evaluate potential confounding factors 
in more detail, and may be able to clarify the rota of 
passive smoking. 
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abstract 

To evaluate tbe role of passive smoking in the development of lung 
cancer among noosmokers, data were pooled from three large incident 
case-control interview studies. Ninety-nine long cancer cases and 736 
controls never used any form of tobacco. Overall the adjusted odds ratio 
for lung cancer among nonsmoken ever Uving with a smoker was 0.8 
(93% confidence interval, 0.5-1 J) rising to 1.2 among those exposed for 
40 or more years. Persons living with a spouse who smoked cigarettes 
were at increased risk (adjusted odds ratio, 1.5; 95% confidence interval, 
0.8-2.8). When adjusted for age and gender, there was a significant trend 
in risk with increasing amounts smoked per week by the spouse (P * 
0.05) and with cumulative pack-years of exposure (P * 0.03). This effect 
was limited to females, especially older women whose husbands were 
heavy smokers. Tbe elevated risk associated with spouse smoking was 
restricted to squamous and small celt carcinomas (odds ratio, 2.9; 95% 
confidence Interval, 0.9-9 J), which provides additional evidence Unking 
passive smoking to lung cancer. 

INTRODUCTION 

The respiratory effects of passive smoking among nonsmok¬ 
ers are of increasing concern; evidence suggests that such ex¬ 
posure may increase the incidence of bronchitis and pneumonia 
in early life (1) and decrease lung function among nonsmoking 
adults (2). Recent attention has centered on the possible risk of 
lung cancer among nonsmokers exposed to environmental to¬ 
bacco smoke (3-6), although epidemiological studies have been 
limited by the small number of cases available for analysis. The 
National Cancer Institute has recently collaborated on three 
large case-control interview studies of lung cancer which in¬ 
cluded questions about passive smoking. One of these studies, 
conducted in Louisiana, showed an increased risk of lung cancer 
among ever-married nonsmokers who had a spouse that smoked 
(6),. To increase our sample size for study, data on nonsmokers 
from all three case-control studies were pooled and analyzed. 

MATERIALS AND METHODS 

Persons reporting that they had never used any tobacco products 
(cigarettes, pipe, cigars, snuff, or chewing tobacco) were selected from 
three case-control interview studies of lung cancer conducted in Loui¬ 
siana, Texas, and New Jersey. Tbe methods used in each of these 
studies have been reported previously (6-9). Because all three studies 
were designed in collaboration with the National Cancer Institute, they 
were similar in many respects, as shown in Table 1. Medical and 
pathology records were abstracted to determine tbe final diagnosis of 
each case. All were incident primary lung cancer cases diagnosed 
between 1976 and 1982, with nearly 100% histologically confirmed. 
Personal interviews were conducted with the study subject or, if the 
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subject was deceased or too ill to respond, with a surrogate respondent 
Except where noted, the questions asked in each of the study are* * ert 
very similar. 

Details regarding tbe sourct and level of passive smoking exposur** 
varied according to study area (Table 1). Texas provided the least 
specific data by ascertaining only if any member of the subject’s house¬ 
hold smoked while the subject was either a child or an adult and the 
total number of yean of that exposure. New Jersey, on the other hand, 
inquired about the smoking habits of each household member durine 
the subject’s youth and adulthood. Louisiana requested information 
regarding the smoking patterns of spouse, mother, and father, but not 
other members of the household. An estimate of the potential underre¬ 
porting of passive smoking exposure in Louisiana is provided by the 
New Jersey control group; 6% of the nonsmoking males reported 
passive smoking originating from household members other than 
spouse, mother, or father. 

The final study population abstaining from tobacco consisted of 99 
histologically confirmed lung cancer cases and 736 controls. This 
represented 1.2% of all male cases and 9.1% of all female cases in the 
original study populations, as compared to 15.0% of the male controls 
and 44.9% of the female controls. The final data file included all 
variables that could be standardized across the study areas. 

Several potential confounders were examined, including gender, race, 
age, study area, respondent type (subject or next of kinl any self- 
reported chronic lung conditions, employment in suspected high-risk 
industries, asbestos exposure, carotene and total vitamin A intake, and 
whether parents had smoked. Due to the limitation imposed by small 
numbers, age was dichotomized into two age groups (<63 yean and 
63+ years). Logistic analyses utilizing three age groups did not sub¬ 
stantially alter the adjusted odds ratios reported here. High-risk indus¬ 
tries were those identified in a recent review of case-control stuthes of 
lung cancer (10) and included fishing, construction, lumber manufac¬ 
turing, chemical and petroleum manufacturing, primary metal manu¬ 
facturing, and shipbuilding. Nutrient indicts were calculated from tbe 
food frequency questions for each study area, using nutrient oooteat ia 
a typical portion of each food (11,12). Low intake was defined as the 
lowest quartile of intake for controls from each area. Because of tbe 
comparability problem resulting from the selective exclusion of persons 
diagnosed with chronk lung conditions in Louisiana, analyses were 
duplicated excluding all persons who reported having a chronk lung 
condition in all three study areas. 

Statistical methods included the calculation of crude ORs J for lung 
cancer risks associated with passive smoking exposures. Because of tbe 
small numbers in this analysis, ORs were calculated using a 0.5 cefl 
adjustment (13). Dose-response effects were examined using a stratified 
analysis and the Mantel-Haenszel test for trend (14). The logistk model 
was used to exclude the effects of potential confounders and to obtain 
maximum likelihood estimates of the adjusted ORs (15-17). Derisions 
concerning parameter deletions for the model were based on tbe t 
statistics for significance of the individual parameter estimates, on 
changes in the value of the log likelihood, and on the goodness-of-fit 
of tbe model as measured by the comparison of predicted to observed 
ORs, both stratified and crude. Maximum likelihood 95% fof 
ORs were calculated from the logistk model (15) or from the stratified 
analysis (18). 

RESULTS 

The data from all three study areas were merged toexami** 
the effect of any passive smoking exposure in the home eovt- 

* Tbe abbreviation* used arc OR, odds ratio; Cl confident* meertL 
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Table 1 Comparison^ the three (ung cancer case<ontro(.interview studies from which the nonusers of tobacco were stlected 




Siudy 



Louisiana 

Texas 

New Jersey, 

Geographic area 

29 Louisiana parishes 

Gulf Coast of Texas 

6 high-risk areas of New Jersey 

Case diagnosis period 

1979-1982 

1976-1980 

1980-198 J 

Study design 

Hospital based 

Population based 

Population based 

Racial groups included 

Whites/blacks 

Whiles 

Whnes/blicks 

Gendtr groups included 

Males/femaies 

Males/femaies 

Males 

Cooperation rate* 

Cases 

9Ii8 

91:5 

87.7 

Controls 

93.5 

87.9 

73.4 

No. of cases 

1057 (M) 315(F) 

462 (M) 454 (F) 

896 (M) 

No. of controls 

1073 (M) 320(F) 

451 (M) 464(F) 

1043 (M) 

% histologically confirmed 

97.8 

too 

100 

Passive smoking data 

Mother, father, spouse 

Ever any household member 

Specific household member 

Nonusers of tobacco 

No. of cases 

9 (M) 28(F) 

5(M) 42(F) 

16 <M) 

No. of controls 

177 (M) 156(F) 

48 (M) 196(F) 

159 (M) 


, No. of completed interviews x 100 


No. of subjects contacted for interview* 


ronment. There were slight variations in the passive smoking 
questions among the three study areas. However, since expo¬ 
sures from parents and spouse represented the bulk of passive 
smoking experienced by nonsmokers in the home, the decision 
to pool data on whether subjects had ever been exposed in the 
home environment appeared reasonable. There was no apparent 
increase in the risk of lung cancer among those who reported 
ever living with a household member who smoked (crude OR, 
1.00; 95% Cl, 0.64-1.56). Controlling for the strongest con- 
founders (gender, age, and study area) reduced the OR to 0.84 
(95% Cl, 0.52-1.34). No significant differences were seen in 
the risks across sex and age strata or according to cell type of 
lung cancer. 

A crude summary estimate of the duration of passive smoking 
exposure per individual was calculated for the Louisiana and 
New Jersey data by taking the maximum number of years that 
smoking was reported for mother or father and adding the years 
reported for spouse. In Texas, the reported value for years lived 
with any household member who smoked was used. In a strat¬ 
ified analysis, adjusted for age and gender, there was a slightly 
elevated OR of 1.24 (95% Cl, 0.62-2.51) for those reporting 
40 or more years of living with a smoker compared to 0.86 for 
<20 years and 0.82 for 20-39 years. These ORs were not 
significantly different from unity and showed no significant 
trend. 

Since combining all known sources of passive smoking ex¬ 
posure might mask the effects of time period and intensity of 
exposure, the data were further analyzed with regard to specific 
sources of exposures. Because the Texas study lacked detailed 
data on the source and intensity of the passive smoking expo¬ 
sures, the remainder of the analysis was restricted to data on 
nonusers of tobacco from the Louisiana and New Jersey studies. 
The most complete information available for this combined 
population concerned the smoking patterns of the spouse. A 
total of 48 cases (22 males and 26 females) and 466 controls 
(318 males and 148 females) were ever-married nonusers of 
tobacco. The crude OR for lung cancer associated with exposure 
to a smoldng spouse was 1.87 (95% CL 1.03-3.42) (Table 2). 
Adjusting for confounding by gender, age, and study area re¬ 
duced the odds ratio to 1.47. When controlling for age and 
gender, a significant upward trend was seen for increasing 
amount smoked per week by the spouse (P =* 0.05) and cumu¬ 
lative pack-years of exposure {P - 0.03). Duration of spouse 
smoking, independent of amount, showed no consistent pattern. 

Sex differences in risk were observed, with adjusted ORs of 
1.96 for females (95% Cl, 0.82-4.70) and 0,93 for males (95% 


Table 2 Odds ratios for lung cancer associated with a spouse smoking exposure 
among ever-married nonusers of tobacco in Louisiana and New Jersey 


Total 

Cases Controls Crude OR 

Adjusted OR* 

48 466 L87 (1.03-3.42) 

1.47,(0.76-2,83) 

Amount spouse smoked/wk 

<140 cigarettes 

L36 (0.41^-4.21) 

140-279 cigarettes 

1.31 (0.48-3.47) 

280+ ctgvettes 

2.71 (0,84-8.52) 

Significant trend (f » 0.05) for amount smoked 

Duration of spouse smoking exposure 

1-20 yr 

1.73(0.52-5.42) 

21-30 yr 

178(0.60-5.10) 

>30 yr 

1.24 (0.42-3.53) 

Pack-yr of exposure 

<20 pack-yr 

0.78 (0,17^3.03) 

20-35 pack-yr 

1.90 (0.56-6.07) 

>35 pack-yr 

2.15 (0.84-5.40) 

Significant trend (P - 0.03) for pack-yr of exposure 


* Overall OR (1.47) adjusted for gender, age. tad study area ia the logistic 
model (15-17); all other ORs adjusted for gender and age (IB). 


CL 0.30-2.90). This appears to rcflw thrgreater J 
comparetriannOTwBI^^SBBKI^BBiSf Tin the control 

HA. . f , -* *^ *—^ ■ 

senes, women were much more likely than men to have a 


spouse who smoked (48.0% compared to 18.2%), and the 
average exposure originating from the smoking spouse was 
greater for women than for men (mean pack-years, 40.6 for 


exposure. The majority of nonsmoking males had 20-35 pack- 
years of exposure. Despite a suggestion of increased risk for 
men in this category (OR, 2,48; 95% Cl, 0.52-10.23), the 
numbers were small, and no dose response was detected. 

The ORs for lung cancer among nonsmokers were examined 
for the following histological types: adenocarcinoma; squamous 
and small cell carcinomas; and other cell types which included 
bronchioalveolar, undifferendated, mixed, and not otherwise 
specified carcinomas, as well as carcinoids. As shown in Table 
3* adenocarcinoma accounted for approximately one-third of 
the lung cancers in both sexes combined. A larger proportion 


women and 27.1 for men). The 
older women (63$ 



95% 
02 ) oc- 
exposure 
up to 2.99 (95% CL 
greater than 35 pack-years of 
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Table 3 Cell type distribution of lung cancer among ever mamed ncnusers of 
tobacco by sex ____ 


Cell type 

No. 

Male 

% 

Femalt 

No.. % 

Adenocarcinoma 

7 

31.8 

9 

34 6 

Squamous and small cell carcinoma 

9 

40.9 

5 

19.2 

Other 

6 

27.3 

12 

46.2 

Brooch koaheolar carcinoma 

2 

9.1 

3 

U.5 

Undifferentiated 

2 

9.1 

3 

11.5 

Mixed 

0 

0 

1 

3.8 

Not otherwise specified carci¬ 
noma 

2 

9.1 

3 

11.5 

Carcinoid 

0 

0 

2 

7.7 


Table 4 Cell type-specific ORs foe lung cancer associated with spouse smoking 
exposure among rrer-married, nonmsers of tobacco u Louisiana and blew Jersey 


CeO type 

Total 

Case* Controls 

Crude OR 

Adjusted OR* 

Adenocarcinoma 

16 

466 

1.25 (0.44-3.51) 

1.02(0.33-3.16) 

Squamous and small 
cell carcinoma 

14 

466 

2.61 (0.93-7.32) 

2 88(0.91-9.10) 

Other 

18 

466 

2.IT (0.84-5.33) 

1.31 (0.48-3.57) 


* Logistic model included tender, age, end study tree u potential confounden 

(15-17). 


of squamous and small cell carcinomas was seen for men than 
for women, while other types of lung cancer were more common 
in women than men. The adjusted ORs (Table 4) associated 
with exposure to a smoking spouse varied from 1.02 for ade¬ 
nocarcinoma to 2.88 for squamous and small ceil carcinomas. 

The elevated risk for the squamous and small cell category 
was due mainly to the female cases in Louisiana; all five of the 
nonsmoking women with these cell types had spouses who 
smoked. The spouses of four of these five women smoked at a 
level greater than 25 pack-years. The men whose wives smoked 
showed a moderate increase in risk for squamous and small cell 
carcinomas (crude OR, 1.48; 95% Cl, 0.34-6.39). Exclusion of 
ail subjects who reported having a chronic lung condition did 
not alter the risk patterns. 

Except for gender, age, and study area, no confounding was 
detected. The increased risks for lung cancer associated with 
passive smoking were not accounted for by race, respondent 
type, any self-reported chronic lung condition* employment in 
a high-risk industry, asbestos exposure, total vitamin A or 
carotene intake, or smoking by the parents. When the referent 
group was restricted to those persons reporting no passive 
smoking exposure from either a spouse or parent, the patterns 
of risk remained consistent with those we have presented 


DISCUSSION 


i Th^ahalystt ^ from three case-control studies 

dggested an increased risk oflung cancer 
amoni^^ marriedtosmoken. 

dependent on the 

intensity of exposure toecvironrneTrtahtobacco smoke as esti¬ 
mated by the amount smoked by their husbands. Small numbers 
and relatively low exposures made it difficult to assess the role 
of passive smoking among tobacco-abstaining men whose wives 
smoked While the overall ORs were not statistically significant. 


women although the excess was nonsignificant and lacked a 
dose-response relationship. In our study the nsk of lung cancer 
was not increased when passive smoking exposures from child 
hood and adulthood were examined collectively, emphasize 
the need to obtain source-specific exposure data. 8 

When the lung cancers were analyzed by ceil type, the in¬ 
creased risk associated with passive smoking appeared re¬ 
stricted to squamous and small cell carcinomas, the types most 
closely linked to active smoking (19). This pattern suggests that 
passive smoking may contribute to the risk of lung cancer 
through mechanisms similar to those of active smoking, al¬ 
though sidestream smoke contains higher concentrations of 
certain compounds, such as nitrosamines, compared to main¬ 
stream smoke (20). In a recent case-control study by Gaifmkcl 
et at, (21), significant risks for both squamous cell carcinoma 
and adenocarcinoma were observed among nonsmoking women 
exposed to a spouse smoking.at home, with the risks for 
squamous cell cancer being 3 times greater than for adenocar. 
cinema. Among nonsmoking Chinese women in Hong Kong, 
Koo et at. (22) found that the risk of passive smoking was 
greater for squamous and small cell cancers than for adenocar¬ 
cinomas. 

Although our analyses included nonsmokers from three large 
series of lung cancer, the small number of cases still precluded 
any definitive answers on the carcinogenic effects of passive 
smoking. Other limitations concern the difficulty in quantifying 
exposures from passive smoking derived from interview dau 
and in detecting relatively low-level effects. Since our study w« 
based on questionnaires, it was not possible to evaluate certain 
other exposures (e.f., indoor radon daughter products) that may 
affect the risk of lung cancer among nonsmokers. 

Our study was also limited by the assessment of passive 
smoking exposures experienced only in the home environment 
and by the use of a relatively crude measure of exposure. We 
assumed for this analysis that the amount and duration of a 
spouse's smoking habit approximated the passive smoking ex¬ 
posure realized by an individual at home. Fuller characteriza¬ 
tion of passive smoking should address the intensity of expo¬ 
sure, a function of the amount of time spent in close proximity 
to a smoker as well as the amount that individual smokes, la 
our study, the sex differences observed in exposure and risk 
suggest the desirability of continuing to focus attention on the 
nonsmoking wives of smokers, while encouraging the collectioa 
of data on workplace and other nonhousehold exposures to 
ambient tobacco smoke. 

Whenever possible, future epidemiological studies should 
incorporate laboratory measurements of tobacco smoke con¬ 
stituents and by-products such as cotinine, the major metabolite 
of nicotine detected in body fluids. Among nonsmokers, a doee- 
response relationship has been observed between the levels of 
urinary cotinine and self-reported exposure to passive smoking 
(23, 24). Thus, while the available epidemiological data oo 
nonsmokers suggest that passive smoking increases the risk of 
lung cancer, mainly of the squamous and small cell types, 
confirmation will probably require larger study sizes as well» 
more extensive and innovative assessment of exposure to envi¬ 
ron mental tobacco smoke. 


the finding of m dose-dependent risk of lung cancer among 
' nonsmoking women is consistent with other observations in the 
literature. Hirayama (3) in Japan and Trichopouios et aL (4) in 
Greece reported a significant increase in the lung cancer risk of 
nonsmoking women whose spouses smoked. Subsequently, the 
prospective survey of the American Cancer Society (5) found 
an elevated risk for passive smoking among nonsmoking 
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Svmmiry 

A retrospective case-control study was undertaken as part of an 
enquiry into possible causes of an epidemic of lung cancer in an 
industrial town in central Scotland. Relatives of the cases and con¬ 
trols answered a questionnaire which encompassed aspects of the 
social and occupational personal history of the deceased. Despite the 
length of time intervening between the period of mortality and this 
investigation, enough questionnaires were completed to allow the 
histones of the cases and controls to be usefully compared. 

The results indicate that smoking and occupation contributed little 
to the aetiology of the outbreak of lung cancer in Armadale. 

introduction 

In the small town of Armadale in central Scotland, an 
outbreak of primary lung cancer began in 1968 (Lloyd 
and Barclay. 1979; Lloyd et a!.. 1982). The mean 
standardized mortality ratio (SMR) for primary re¬ 
spiratory cancer from 1969-73 was the highest of all 
cities, burghs and landward areas in Scotland during 
that time (Lloyd and MacDonald. 1984). Within the 
town itself, many of the deaths from lung cancer 
formed a cluster near a source of air pollution^-a steel 
foundry (Lloyd. 1978a. 1981). This cluster was statisti¬ 
cally significant, with an SMR. based on Scottish rates, 
of 206 between 1968 and 1977. The cases of primary 
lung cancer had been identified initially by examining 
the diagnoses on the death certificates of the local 
parishes in the Registrar General's Office for Scotland. 
The validity of most of those diagnoses was confirmed 
later by obtaining supporting information from other 
sources of diagnostic data (Tyrrell and Lloyd. 1983) 

During the earlier stages of the enquiry, the occupa¬ 
tional and social backgrounds of the deceased were 
investigated on a preliminary basis, through the use of 
hospital case notes, death certificates and discussions 
with local doctors. No unusual features were identified 
which would have explained so many cases of lung 
cancer in such a short period (Lloyd. 1978b; Lloyd et 
al.. 1982). Nevertheless, to test the hypothesis that the 
cluster of lung cancer might be causally linked to 
occupation and smoking habits, it was considered 
essential to undertake more detailed enquiries into the 
social and occupational backgrounds of the deceased. 
We decided to construct a questionnaire which would 
be answered by relatives of the deceased in the form of 
a retrospective case-control study. Most of the ques¬ 
tions concerned details of the smoking habits and 
occupational experiences of the deceased with addi¬ 
tional questions covering personal and familial histories 
of related lung disease and cancer, and the residential 
histories. 

Methods 

The period covered by the study was 1968-74, when the 


SMR for the town had been found high. The cases wen 
residents of Armadale who had died during 196K-7- 
with the diagnosis of primary lung cancer on the deal! 
certificate. The controls were chosen from a list o 
residents of Armadale who had died from any cause 
other than lung cancer, during the same period. Pre 
liminary work had shown that this width of diagnostii 
frame was necessary to allow matching for the sneia 
characteristics in this small population. The cases were 
computer-matched consecutively for sex. age a 
deathi 10 years, year of death±5 years, and by socia 
class I—V. Anticipating the problem of failure to trace 
some controls, reserve controls were obtained for a: 
many cases as was possible. 

Ethical permission was obtained at district and are* 
health board levels for tracing and interviewing next-of 
kin or other relatives (hereafter referred to collective!) 
as relatives). The agreement of the local family doctor 
was also obtained. 

Using the experience gained from a pilot study of < 
similar questionnaire within an occupational workforce 
elsewhere, a final questionnaire was constructed. Since 
the major areas of interest were the tobacco habit anc 
occupational history of the deceased, most of the ques¬ 
tions covered details of those areas. For smoking his* 
tory. questions included the average, minimum and 
maximum numbers of cigarettes smoked daily, the age 
of starting smoking, the number of years of that habit, 
the use of pipes and cigars and filter cigarettes, the 
brand name of the tobacco used (from which the tar 
content was estimated); the inhalation practice, the 
habit of smoking at work. and : exposure to passive 
smoking at work and at home. There was also a ques¬ 
tion on the certainty with which this information was 
given. For occupational history, questions covered 
occupations since leaving school, and exposure to spe¬ 
cified chemical and physical factors; details were re¬ 
quested of any time spent at particular types of work 
within the coalmining and steel foundry industries. For 
the previous medical history of the deceased, questions 
covered experience of non-malignant respiratory dis¬ 
eases. For the familial medical history, the questions 
also included cancers and coronary heart disease. The 
questions on place of residence covered addresses since 
1940. These addresses were subsequently assigned to 
Zones A-E. {see Fig. 1). which were aggregates of 
enumeration districts of the town at the 1971 census 
and which had been used previously in epidemiological 
investigations. 

Questions also covered residential proximity to in¬ 
dustrial sources of environmental air pollution, and the 
degree to which that pollution inconvenienced the indi¬ 
vidual concerned. The type of fuel used normally for 
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Fig. I. Zone map of Armadale. Zone A: west of foundry; Zone B: 
north of foundry; Zone C: cast of foundry. Zone D: intermediate; 
Zone E: distant; F: foundry. 


heating and cooking was investigated. Finally, various 
combinations of factors were examined to try to iden¬ 
tify signs of interaction between them in promoting the 
elevated mortality from lung cancer. 

The questionnaire was administered to the nearest 
surviving relative of the deceased, by one of two inter¬ 
viewers. To avoid interviewer bias, the interviewers 
were not told whether the person they were interview¬ 
ing was a relative of a case or of a control. The relatives 
were traced mainly with the assistance of the local 
general practitioners and other staff at the only group 
practice in the town. Where they were unable to iden^ 
tify surviving relatives still living in the area, they were 
often able to supply names and addresses of friends 
who knew where the relatives could be found. Other 
sources used for tracing relatives were a local minister, 
and, for some of the more unusual names, the local 
telephone directory. 

For those cases and controls whose relatives could 
not be contacted, other sources of information were 
used to ascertain only the location of the last known 
address. 

The information derived from the questionnaire was 
subjected to frequency analysis; and for many expo¬ 
sures, the relative risks and their 95 per cent confidence 
limits were used to test the null hypothesis that the 
answers of the cases and controls did not significantly 
differ from each other. 

Results ~ V 

General 

The interviews were carried out between November 
1982 and March 1984. 


tut.. i >. rvg(. ai wCitli um.4MT5 rfflU CODtrOtS 




Agr group 




30-39 4fU49 

50-59 

60-69' 

70-79 

80 h- 

Cases 

2(5%) 1(2%) 

4 (10%) 

15 .(36%) 

14 (33%) 

6(14%) 

Controls 

0 (0%) 2 (5%) 

6(14%) 

15 (36%) 

15 (36%) 

4 (I0%)i 


Of a possible 137 relatives on the list of interviewees, 
103 (75 per cent) were traced and interviewed. Nine¬ 
teen controls were subsequently eliminated: either they 
were the 'reserve’ controls of cases for which a matched 
control had already been obtained, or the cases to 
which they were matched had no known relatives—the 
relatives having migrated to an unknown location or 
abroad v The final total of interviews used for the analy¬ 
sis of the data was 84. 42 cases, each with one matched 
control. 

Of the 42 cases of primary lung cancer obtained for 
the analysis, 35 were males. The age at death of the 
cases ranged from 37 to 86 years; those of the controls 
were from 47to 84 (Table /)> Because the lapse of time 
between the year of death and this study taking place 
was up to 18 yean, it was found that many of the 
spouses of the cases and controls had died: Hence the 
largest group of informants was the daughter/son 
group,the second largest being the husband/wife group 
(Table If). Thus, information about 30 of the cases and 
32 of the controls was obtained from a close relative 
(spouse, sibling, son or daughter). 

Smoking History 

There were no statistically significant differences be¬ 
tween the answers of the cases and controls in any of 
the questions (Table ///), 

More cases than controls were found for those who 
had ever smoked, for cigarettes only, cigar/pipe smok¬ 
ers and for smokers of plain cigarettes; for small and 
large numbers of cigarettes smoked, for high tar con¬ 
tent of cigarettes; and for inhaling practice. 

More controls than cases were found for non- 
smokers and smokers of filter cigarettes; for medium 
(15—29) consumption of cigarettes; for being permitted 
to smoke at work; and for passive smoking both at 
work and at home. 

The cases started smoking at an earlier age (18 7 
years) and continued the habit for longer (45-6. years). 

There was less certainty about the smoking habits of 
the controls than about the habits of the cases. 


Occupational history 

The differences between the number of cases and con¬ 
trols employed in the major industries of the town (coal 
mines, steel foundry, brickworks), were not statistically 
significant (Table IV). Slightly more cases than controls 


Tabtt !i. Relationship between respondent and deceased 



Husband/ 

Sort / 

Brotherf 

Nephew! 





wife 

daughter 

sister 

niece 

Grandchild 

tn-iaws 

Other 

Cases 

13 (31%) 

13 (31%) 

4 (10%). 

7 (17%) 

» (2%) 

3(7%) 

1 (2%) 

Controls 

8(19%) 

17(41%) 

7(17%) 

7(17%) 

H(2%) 

2 (5%) 

0(0%) 
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Table III Characteristics of the smoking history of cases and controls 








95% 






Relative 

confidence 

Category 

Characteristic 


Cases 

Controls 

nsk * 

limits 


Never smoked 


3 

8 

10 



Cigarettes only 


28 

26 

2 87 

0-68-11-94 


Cigarettes and 


4 

4 

2-67 

03<M8-I6 


pipe or agar 
Pipe or cigar 


7 

4 

467 

0-76-28-47 


only 






Ever Smoked: 
cigarette/pi pc/ 

Smokers 


39 

34 

306 

0-75-12 44 

cigar 

Filter cigarettes 


6 

8 

10 



Plain cigarettes 


19 

12 

2 11 

0-59-7-6! 


Plain and filter 


5 

4 

1 66 

0-31-901 

Mean quantify 

1-14 Cigarettes/day 

11 

7 

to 


smoked for 

15-29 Cigareties/day 

10 

13 

0*49 

0-14-1 73 

duration of 







habit 

30+ CigaretteVday 

9 

8 

0 72 

0-19-2-78 

Tar content 

Low-medium tar 


5 

7 

10 


(estimated 
from brand 

High tar 


21 

14 

2 1 

0-55-7-95 

name) 

Indudes cigar/ 

Inhaling practice 






pipe smokers 


Yes 

26 

24 





No 

3 

6 




Permitted to 







smoke at work 

Yes 

10 

13 





No 

25 

19 



Continual ex¬ 

At work 

Yes 

10 

15 

0*56 

0 21-1 50 

posure to 


No 

25 

21 

10 


passive 

At home 

Yes 

32 

34 

0-84 

0-29-2-45 

smoking 


No 

9 

A 

10 


(in years) 

Age started 


x 18 7 

192 



smoking 


SD 9*1 

8-9 



(in years) 

Duration of 


x 45 6 

43*7 



habit 


SD12 7 

12 2 



Reliability of 

Very reliable 


3 

3 



information 

Fairly reliable 


22 

14 




Some idea 


6 

7 




Uncertain 


3 

4 




Guess 


3 

2 




• Relative mk*l 0 identifies baseline category 


i ! 



had worked in the coal mines at some time, but fewer 
had worked in the local steel foundry. Almost equal 
numbers of cases and controls had worked in the local 
brickworks. All other occupational groups contained 
negligible numbers of both cases and controls. Some 
individuals bad worked in more than one industry. 

When coif mining and foundry work were catego¬ 
rized according to subgroups of occupation, the biggest 
difference between cases and controls was for the 
moulder/coremaker group of foundry workers, with 1 
case and 5 controls. For exposure to chemical agents, 
there were no significant differences between cases 
and controls. 


Personal and familial medical histories 
Considerably more cases than controls were reported 
to have had a history of bronchitis (Table V). This 
difference was statistically significant, with a relative 
risk of 3-71 and 95 per cent confidence limits of 119- 
11-58. 

Due to the difficulties with recall experienced by the 


relatives, it was not possible to obtain a reliable or 
comprehensive history of chest disease or of all types of 
cancer in the families of cases and controls. However, 
in the data available there were no significant differ¬ 
ences between the numbers of relatives of cases and 
controls for the histories of asthma, lung tuberculosis, ; 
and all cancers. j 

Only slight differences between cases and controls 
were noted for the types of fuel used for domestic 
cooking and heating (Table Vi). 

\ 

Residential history j 

Most of the cases and controls had been lifelong resi¬ 
dents of Armadale; only 5 cases and 8 controls had ever 
lived outside the town. Of those who had resided 
outside Scotland, 4 were cases (2 in the USA, l in 
Australia, 1 in Newfoundland) and 6 were controls (3 in 
England, 1 in the USA, 1 in France, 1 in Poland). 

The modal number of addresses for each person was 
2; 16 cases and 17 controls had that number. No person 
had lived in more than 4 addresses. 


Source: https://www.industrydocuments.ucsf.edu/docs/szpxOOOO 
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include persons who ever worked in the industry ) 


95 % 







Relative 

confidence 

Categpry 

Characteristic 

Cores 

Controls 

nsk* 

limits 

Working history 

Other oceupalions 


17 

24 

10 

0*71-4 25 

Coal mining 


21 

IT 

1 74 


Steel foundry 


9 

13 

0-98 

0 J 34-2 82 


Brickworks 


6 

7 

1 21 

0 35-4 26 

ExpowrtfcO 

Coal dust 

Yes 

20 

IS 

1-78 

0*69-4 60 

Sand, silica. 

No 

15 

20 

1-0 




cotton 

Yes 

4 

4 

10 



or mineral! 
fibres 

No 

31 

31 

1*0 



Metal dust/ 

Yes 

7 

7 

10 



fumes 

No 

28 

28 

1*0 



Direct and 

Yes 

2 

2 

10 



intense heat 

No 

33 

33 

10 


Mine workers 

Surface and/or 


5 

4 

10 


only 

general 

Face worker 


13 

11 

0*95 

0*20-4 44 


Surface and face- 


3 

2 

12 

0*13-10*99 


worker 






Foundry workers 

Mou Ider/core ma k e r 

1 

5 



only 

Furnaccman 


I 

0 



Sandblaster 


2 

0 




Smilh/forgcr 


0 

1 




Specific occupation 

4 

I 




* Relative mk*l 0'identifies baseline c*ic|ory. 

Table V Characteristics of the medical history of cases and controls 


95% 


Category 

Characteristic 

Cases 

Controls 

Relative 
Risk* 

confidence 

limits 

Personal 

Bronchitis 

Yes 

14 

5 

3 71 

1-19-11-58 

medical 1 


No 

27 

35 

10 


history 

Pneumonia 

Yes 

6 

5 

121 

0-34-M7 



No 

35 

35 

10 



Pneumoconiosis 

Yes 

10 

7 

1 52 

0-52-449 



No 

31 

33 

10 



Unspecified 

Yes 

25 

21 

1-41 

0-58-3-40 


respiratory 

No 

16 

19 

10 


Family 

Coronary 






medical 

heart disease 


11 

17 

10 


history 

Asthma 


1 

3 

0 51 

0-05-5 56 


T.B. 


2 

0 




Lung cancer 


2 

3 

l 03 

0 15-7 19 


Other cancers 


8 

3 

4 12 

0-89-18-88 


Pneumoconiosis 


4 

8 

064 

0-16-2 61 


• Relative risk* l-ti mdcntihc* baM.linc category. 


Within Armadale. there were no statistically signi¬ 
ficant differences between numbers of cases and con¬ 
trols who had ever lived in the various zones (Fig. 1). 
More cases than controls had ever lived in Zone A. the 
area with the cluster of lung cancer deaths (Table VII). 
When the period 1965-74. (i.e. just before and during 
the time when the SMRs for lung cancer were abnor¬ 
mally high) was examined as a separate unit, the differ¬ 
ence between the numbers of cases (22) and controls 
(8) who had lived in Zone A was even greater (Table 
VIII). The only other zone where the cases exceeded 
controls was Zone C. directly east of the foundry (Fig. 
1); during the period 1965-74, 6 cases and 3 controls 
had lived there. 


Table VI. Type of fuel or power used for domestic heating and 
cooking 



Cos 

Coal 

Electric 

Coal and other 

Heating 

Cases 

2 (5%) 

35 (83%) 

1 (2%) 

4 ( 10 % ) 

Controls 

1 (2%) 

35 (83%) 

3(7%) 

3 (7%) 

Cooking 

Cases 

32 <76%) 

6 (14%) 

2(5%) 

1 (2%) 

Controls 

33 (77%) 

4 (10%) 

3(7%) 

2 (5%) 


Fifteen lung cancer cases had no known relatives and 
were therefore not included in the 42 cases in this study. 


> 


Source: https://www.industrydocuments.ucsf.edu/docs/szpxOOOO 
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Table VII Ever lived in each zone 



A 

B 

Zones 

C 

D 

E 

Ca “* £ 
Ccmirotr 

14 

U 

7 

17 

7 

U 

12 

4 

21 

7 


Table VIH. Dates of residence in zones A and C 



t<H0-64 


197(^74 

Zone A 

Cases 

2 

n 

1 

Controls 

3 

7 

1 

Zone C 

Cases 

0 

3 

3 

Controls 

l 

1 

2 


Table IX. Location of last known address of cases and controls whose 

relatives could not be contacted 



A 

B 

C 

O E 

Cases 3 

3 

\ 

6 2 

Controls 8 

6 

2 

9 5 


However, they were matched to 30 controls (some 
other cases having a reserve control). When their last 
known addresses were plotted by zone, there were no 
significant differences in distribution between cases 
over controls (Table IX). Thus there was no bias in the 
geographical distribution of the cases included in the 
study. 

Of those who were conscious of a neighbouring 
source of environmental air pollution, the only major 
difference between numbers of cases and controls was 
for the combination of steel foundry and brickworks 
{Table X). But the cases did not complain of resulting 
inconvenience much more than did the controls. 

Various combinations of factors, including residence 
in Zone A were analysed {Table AY), but no significant 
signs of interaction were found which might have con¬ 
tributed strongly to the elevated mortality from lung 
cancer. The combination of residence in Zone A during 
1965-74 and a history of bronchitis showed the greatest 
difference. A similar difference was found for the com¬ 
bination of heavy smoking (more than 29 cigarettes 
daily and middle-to-high tar content) and a history of 
bronchitis, In all comparisons, however, the numbers 
were too small to allow a reasonable opportunity of 
finding statistical significance. 

Discussion 

Despite the long time between the increased incidence 
of lung cancer and the interviews with the relatives, the 


Table X Proximity to pollution source 







95% 





Relative 

confidence 

Comment 

Variable 

Cases 

Controb 

risk • 

limits 


Steel foundry onlv 

11 

It 



Applies only 

Gas works and foundry 

l 

1 



when residence 

B nek works, gas and 





was within 

foundry 

1 

4 

050 

001-27-11 

'/: mile of the 
industry 

Brickworks, foundry 
Steelworks, brickworks 

20 

13 

308 

086-11 *07 

and coal mine 

4 

3 

2-67 

0 42-16 83 

Outwith mile 






proximity 
Awareness of 


5 

10 

10 


atmosphenc 






pollution 

Yes 

15 

12 



No 

27, 

30 




• Relative rak»LM KJeruilKi ba*clinc category. 


Table XI Combinations of factors (3-way tables) 


Factors:— 

l. Resident in zone A between 1965-74 

2 Heavy smoker, i e over 29 per day. and middle or high tar 


3 Ever worked as miner 

4. Ever worked in foundry 

5. History of bronchitis 

Cases Controls 

<D and 0 2 3 

CD and 0 4 3 

(D and $ 5 4 

(D and 0 4 0 

0 and 0 6 6 

0 and ® 3 2 

0 and 0 6 2 

0 and 0 and 0 0 0 

0 and 0 and 0 3 0 


Source: https://www.industrydocuments.ucsf.edu/docs/szpxOOOO 


2023513197 



__ w. u.»u MIW Ol UHtl - 

view allowed a comprehensive picture to be gamed of 
the occupational and social backgrounds of cases and 
controls. This experience was similar to that reported in 
an investigation of asbestos-related mesothelioma (Fin- 
layson et al.. 1971). 

In general the occupational experiences of both cases 
and controls were very similar. Some epidemiological 
studies have suggtiti^tlrt workers in ferrous indus¬ 
tries are at a greater riAo# dying from lung cancer than 
persons in the gemn^population; the risk of lung 
cancer has been related especially to exposure to ‘hot 
metal', with moulders particularly at risk (Morrison, 
1957; Hueper, 1966; Radford et al., 1976; OPCS, 1978; 
Wall, 1980). However, this present study confirmed the 
results of preliminary work (Lloyd et al., 1982) in 
finding no evidence to support the association of lung 
cancer with foundry work in general; nor was an asso¬ 
ciation found with hot metal exposure or with moulding 
in particular. There were no reports of asbestos or 
radon exposure. No statistically significant differences 
were found between the numbers of cases and controls 
exposed to coal, dust, sand, silica, direct and intense 
heat from industrial furnace, metal dusts, or fumes 
from petroleum and its products. Hence, occupational 
experiences did not appear to have contributed in any 
important way to the elevated mortality from lung 
cancer in Armadale. (The similarity between the num¬ 
bers of cases and controls having a coal mining history 
and an exposure to coal dust indicated the reliability of 
the respondents' answers, at least in that context of 
occupational experience.) 

'Beca use thef wa aimpoctai ^ ause of lung cancer is 
(known to be ogarette smoking, the questions about 
smoking habits were’very detailed. However, since this 
study relied on individuals remembering what their 
relatives were doing up to 15 years previously. we could 
not obtain as full and comprehensive an account of the 
smoking habits of the deceased as could be expected in 
more favourable circumstances. For instance, while it 
was fairly easy to obtain a figure for the amount of 
tobacco smoked daily, the respondents found it far 
more difficult to provide information concerning inhal¬ 
ing practice, and often had difficulty with brand names. 
However, an examination of the information about the 
amount, the duration of habit, the types of cigarette 
smoked, the opportunity to smoke at work, and about 
passive smoking, showed no significant differences be¬ 
tween cases and controls in any factor. For some risk 
factors, there was an excess of controls. The biggest 
difference between the groups (19 cases and 12 controls 
having smoked plain cigarettes) could have been a 
consequence of the greater amount of missing and 
uncertain information found with the control group. 

When considering familial medical histories it was 
noted that a history of lung cancer in the close family 
was as infrequent amongst the cases as amongst the 
controls. A family history of all other cancers was more 
frequent with the cases than with controls, but the small 
numbers in both groups make this finding difficult to 
interpret. 

The high frequency of a history of bronchitis amongst 
the cases, which was the only statistically significant 
difference between cases and controls, is consistent 
with evidence that bronchitis and lung cancer are both 


AAAociitiea witn air pollution, as well as with cigarette 
smoking. 

Indoor air pollution from cooking and heating ap¬ 
pliances has been suspected as a pathogenic factor for 
respiratory disease (Florey et al., 1979; Lendc, 1980). 
N6 significant difference in the use of such appliances 
by cases and controls was apparent in this study The 
relatively small difference between numbers of cases 
and controls who had ever lived in Zone A, an area 
which was subject to relatively high air pollution (Yule 
and Lloyd, 1984; Gailey and Lloyd, 1983, 1985) and 
where an excess of lung cancer had been discovered 
(LJoyd, 1978a), might have resulted from our inability 
to eliminate from our controls all those whose deaths 
could have been linked with the air pollution through 
causes other than lung cancer. However, because of the 
small size of the town and hence the small number of 
deaths each year, deaths from all other causes had to be 
included as potential controls in order to allow the 
other characteristics of the cases to be matched. Never¬ 
theless. despite this difficulty in the design of the study , 
the findings were consistent with the statistically signi¬ 
ficant excess of cases observed previously in an area 
close to the site of a polluting industry (Lloyd et al.. 
1982; Lloyd, 1982). 

In summary, this study demonstrated that social and 
occupational factors were probably not of importance 
in the outbreak of lung cancer in Armadale during 
1968-74. Hence the hypothesis that environmental air 
pollution might have played a significant aetiological 
role was not invalidated The study also illustrated the 
practicability of undertaking a retrospective study 
covering a wide range of occupational and social factors 
by means of questionnaires given to relatives of people 
who had died up to 15 years before the start of the 
study. 
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EFFECT OF PASSIVE SMOKING IN LUNG CANCER DEVELOPMENT IN WOMEN IN THE NARA REGION: 
Hitoshi Katada, Riichiro Mikami, Mitsuru Konishi, Yasuhiro Koyama and Nobuhiro Narita 
Second^ Department of Internal Medicine, Nara Prefectural Medical University 

Introduction 

it is becoming noticeable in Japan that with increased incidence of lung 
cancer, there has been an increase in pulmonary carcinoma in women. Active smoking 
by women is increasing, while concern over passive smoking has been intensifying, 
and the effect of passive smoking on carcinogenesis has become a social problem. 
Regarding this effect, immunological and public health reports have appeared in 
Japan, but there have been few clinical reports, and detailed analysis of patients 
has been inadequate. Lung cancer presents a variegated histological picture, and 
presumably there are different carcinogenic factors for different histological types, 
although there have also been few reports on this subject. The effect of passive 
smoking probably varies depending on the regional environment and custom, and these 
factors should also be analyzed and included in the investigation. The present 
report describes our findings regarding the effects of smoking and familial aggre¬ 
gation 1 of cancer in cases of pulmonary carcinoma in women. 

1. Subjects and Method 

1) Subjects 

The subjects were 25 women with lung cancer who were admitted to our depart¬ 
ment* They averaged 67.5±8*6 years of age. Based on histology there were 7 cases of 
squamous cell carcinoma, 5 of small cell carcinoma and 13 of adenocarcinoma. The 
age averages for the above groups were 71.4±7.8, 66.219.3 and 65.819.0 years, re¬ 
spectively, As controls, 50 cases of non-malignant hospitalized patients matched for 
sex and age (within 2 years) were selected. Their age average was 67.6±8.5 years. 

2) Items of examination 

To gather data on active and passive smoking (current and past) and familial 
accumulation of cancer, detailed questioning was conducted regarding personal his¬ 
tory, concomitant disease, exposure to atmospheric pollution, stress, occupation, 
obesity, alcohol consumption and other items with the patient herself and with the 
family. Passive smoking was defined as exposure to smoking more or less daily through 
living with a smoker, and the amount was defined as the number of cigarettes smoked 
by the smoker each day multiplied by the number of years of exposure. Familial accu¬ 
mulation was based on occurrence or absence of malignancy in relatives to the 3d 
degree. Comparison with controls was made on the basis of significance of difference 
and relative risk regarding smoking and familial factors for each histologic type 
of tumor* Squamous cell carcinoma and small cell carcinoma which are regarded as 
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having an intimate relation to smoking were grouped together. 

2. Results 

1) Squamous cell carcinoma (Table 1) 

There were 4 patients who were active smokers out of 7* Passive smoking was 
experienced in all, but 6 were currently exposed while 5 had a history of exposure* 
Three reported exposure at an early age. Familial accumulation was observed in 4 
cases, of which 3 were lung cancer> a high incidence, while 2 were gastric cancer. 
General history included one case of ovariectomy and 2 cases of ulcer of the diges¬ 
tive tract. Four had experienced atmospheric pollution and 3 reported ©tress. In 
the 3 non-smokers (cases 5, 6 and 7), passive smoking and familial cancer both 
occurred* These patients were the most elderly. 

2) Small cell carcinoma (Table 1) 

Four of 5 were active smokers. Passive smoking occurred in all 5, these all 
being exposed currently, while one case had a history of passive smoking and one 
could not be determined regarding this information. Familial accumulation was found 
in 4 cases, 3 being cases of gastric cancer, a high incidence. As for personal 
history, there was one case each of uterine cancer and hysterectomy and one case 
of breast cancer. Exposure to atmospheric pollution occurred in 2 and stress in 4, 

In the one non-smoker (case 5) there was intense passive smoking. The individual 
had a history of surgery for breast cancer, and her two younger sisters had had 
breast cancer and uterine cancer (individually). This group of patients averaged 
5 years younger than the cases of squamous cell carcinoma. 

3) Adenocarcinoma (Table 2 > 

There was not a single active smoker out of 13, but all had been exposed to 
^passive smoking, 12 out of 13 being currently exposed. There were 10 out of 11 
who had a history of passive smoking, 8 since early childhood. Familial incidence 
of cancer was present in 11 out of 13, two being lung cancer, 7 gastric cancer, 

4 esophageal cancer and 2 colon cancer. Three had uterine fibroid and 1 had under¬ 
gone hysterectomy. There were 2 case© of respiratory disease. Exposure to atmospher¬ 
ic pollution occurred in 5, and stress in 4. In 11 out of 13 there was passive 
smoking along with familial cancer. In the other two there was intense passive smok¬ 
ing in one and passive smoking plus pulmonary tuberculosis in the other. 

4) Controlled studies (Tables 3, 4 and 5) 

Regarding passive smoking (Table 3), there was a significant difference ,/ 
■between lung cancer case© and controls in the amount of exposure (p<0.05), although 
no definite difference could be observed according to tumor cell type. when, the 
cases were grouped into those who had been exposed up to the present txme, those 
who had been exposed in the past and those who had been exposed since early childhood. 
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Table S. Squamous cell carcinoma and small cell carcinoma of the lung in women. 


A. Squamous cell carcinoma. 
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Table 2. Adenocarcinoma in women 
A. AdenocaTcinoma 
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the greatest influence was found to be that of present exposure, with a sig¬ 
nificant (p <*0.05) difference from the controls. Some differences; were also seen 
in cases of all lung cancers and of adenocarcinoma who had history of passive 
smoking. 


Among active smokers (Table 4), there was no difference between the lung cancer 
group and controls, but the combined number of cases of squamous cell carcinoma 
and small cell carcinoma was significantly (p<0.07) higher in active smokers 
compared with non-active smokers, while the incidence of adenocarcinoma actually 
had a negative correlation with active smoking* 

Among passive smokers (Table 4) , when compared 1 :1 with controls who were 
also non-active smokers> no significance was observed in the history of exposure, 
overall, present or past, but the ratio was virtually the same as that when active 
smokers were included (Table 3). Some difference, however, were observed for over¬ 
all lung cancer and adenocarcinoma cases with history of past exposure to smoking. 

When cumulative family incidence of cancer (Table 5) was investigated, 
it was found to create a significant Cp<0.0Ql) difference between lung cancer cases 
and controls, the association being especially strong with adenocarcinoma, indi¬ 
cating that family incidence of cancer was an important factor in this type of 
cancer. 


When smoking and familial cancer were combined (Table 5), the results were 
not significant with active smoking, but significant with passive smoking. The in¬ 
crease in risk when familial cancer and passive smoking were combined over that 
of familial history alone was as follows: All lung cancers + present exposure to 
passive smoking, xll.7; all lung cancers ■* past exposure to passive smoking, 
x 10.0? all lung cancers + active or passive smoking, X77.3? squamous cell carci¬ 
noma + small cell carcinoma + present exposure to passive smoking, x7.0? squamous 
cell carcinoma + small cell carcinoma + active or passive smoking, x40.8; and adeno¬ 
carcinoma + past exposure to passive smoking, x26.7. 

3. Discussion 

The question of lung cancer development in non-smokers exposed over extended 
periods to smoking by others in the family and at the place of work has become 
a social concern not only in the United States but also in Japan. 

In the present study, we gathered detailed information on the history of ill¬ 
ness and' family background in 2S cases of lung cancer in women, and investigated 
the relations among passive smoking, active smoking and familial incidence of cancer. 
The subjects were residents of Nara prefecture, most of them housewives or women 
engaged in farming:. The passive smokers in this study were all living with one or 
more smokerS,therefore presumably exposed to passive smoking daily from' at least 
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the evening until the I oil owing morning. 

It was found that present exposure to passive smoking was more influential 
than past exposure; that active smoking had a fairly marked effect on the develop¬ 
ment of squamous cell carcinoma or small cell carcinoma; and that in these his¬ 
tologic types, current (up to the present time) exposure to passive smoking had 
a marked effect. On the other hand, there was virtually no effect of active smoking 
on the development of adenocarcinoma»but there was suspicion of the effect of past 
or present exposure to smoking in this type of tumor. 

The effect of passive Smoking should be considered qualitatively and quan¬ 
titatively* In assessing the qualitative effect of passive smoking, the following 
items should be considered; The amount of carcinogenic material in secondary smoke 
is greater than in the primary smoke 1 *; when ten cigarettes are smoked in 1 hour, 

the level of COHb in the blood of the non-smoker rises to about the same concen- 

2) 

tration as that following the active smoking of one cigarette ; the amount of 
urinary nicotine of a non-smoker increases in parallel to the number of active 
smokers generating smoke, demonstrating a dose response effect^*;benzpyrene in 

the urine of a non-smoker exposed to smoke becomes detectable, and this amount de- 

4) 

creases when the non-smoker avoids exposure to smoke ; upon exposure to smoking 
for 6 hours, the amount of mutagens in the urine of a non-smoker increases marked- 
ly B *; and that mice and dogs exposed to smoke develop lung tumors^*. These results 
suggest the possibility of lung carcinogenesis through passive smoking. 

Quantitative assessment of passive smoking has been presented in the follow¬ 
ing findings: The increase in incidence of lung cancer in non-smoking wives of heavy 
cigarette smokers over that in non-smoking wives of non-smokers was x2.08 in Japan 

(Hirayama) 7 * , x3v4 in Greece (Trichopoulos) 5 *, x3.11 in the United States (Correa) 10 * , 

II) 22 ) 

xl.94, also in the United States (Miller) , xt2.78 in Kanagawa Prefecture (Inoue) 

23) 

and xl .5-2.1 in Hiroshima and Nagasaki (Akiba) . When the findings by Garfinkel 

<u.s.) 8) and Koo (Hong Kong) 17 * are excluded, mortality of non-smoking wives from 

lung cancer seems to increase about two-fold. Increase in the risk of passive 

smoking in the family is especially marked in non-smoking women under 50 years of 

1 2) 

age, while habitual smokers are sublet to both active and passive smoking 

Akiba found that of women who are not exposed to either active or passive sacking, 100% 

develop either adenocarcinoma or large cell carcinoma? that the incidence of these 

tumors decreases to 84V in passive smokers and to 42H in active smokers; and that 

in the latter cases there is a proportional increase in squamous cell carcinoma 

23) 

and; small cell carcinoma - These are similar to our findings. 

In these reports, however, there are no consistent results concerning signi¬ 
ficance or dose response, and there is no unified interpretation at this time. 
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Some of the explanations for the inconsistencies are the following: O > : Differences 
in the living: environment, (2) lack of definite information on passive smoking 
before marriage, (3)' differences between women who work outside and those who ere 
self-employed, (4) duration of periods when husband and wife are together, (5) 
smoking habit of the husband and conditions in the home, (7) mealtime habits, 

(8) incidence of cancer in the family and (9) age when the cancer developed. The 
paucity of information on these matters has been pointed out ' . The present 

study was a survey of the Nara region where most women who were the subjects of 
the investigation were self-employed. Information was gathered regarding the his¬ 
tologic type of tumor, time of exposure to smoking, and incidence of cancer in the 
family, and although the number of cases was small, a certain degree of control 
was exercised. Correa 105 studied the relation of lung cancer to past exposure to 
passive smoking, and concluded that the effect of smoking by the mother could be 
seen in male lung cancer patients but not in women lung cancer cases. 


Extrinsic and intrinsic factors may interact in carcinogenesis. The leading 
extrinsic factor in lung cancer is presumably cigarette smoking, while genetic 
cancer may be an intrinsic factor, we investigated the history of relatives three 
times removed from the principal, and found that with adenocarcinoma there was 
a strong indication of association of familial incidence of cancer, while with 
squamous cell c&rcinom* and small cell carcinoma, association of familial incidence 
was seen but not to a significant degree in comparison with controls. The associa¬ 
tion, however, was observed in 4 out of 5 cases of small cell carcinoma while in 
squamous cell carcinoma there was more variability. There is need for further study 
in larger numbers of cases. In another investigation of familial factor, the risk 
of development of lung cancer when there has been a family incidence was 8-fold 

over cases without any familial occurrence of lung cancer in Kawasaki City, and 
18 ) 19 ) 

5.9-fold in Tokyo . Aoki also pointed out that the risk of cancer of many 

organs was 2-3 times higher in families which had cases of cancer than in families 

without such history. 

21 ) 

Tokuhata , in a survey of 270 cases of lung cancer, assessed the risk when 
familial incidence and active smoking were combined, and found the following: 
Compared with individuals without either factor, the risk for the non-smoker w 
familial history was 3.96-fold; for the smoker without familial history it was 
5♦45-fold? and for the smoker with familial history it was 1 3.64-fold. He etat 


that when corrected for smoking habit, the risk for those with familial history 
was increased 2.5-fold> approximately the same level of risk as that of smoki 
and claimed that the two factors are synergistic. 

In our present study, the findings indicated that compared with controls 
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passive smoking* current or past, increased the risk for lung cancer when familial 
history waa present. When the data were sorted according to histologic type of l'ung 
cancer, riek was increased for squamous cell carcinoma and small cell carcinoma 
when active or passive smoking was combined with familial history, while with adeno 
carcinoma the influence of familial history was considerable, and the effect of 
passive smoking in the past was suspected. 

Since the number of cases was small and the amount of passive smoking could 
not be determined so that dose response could not be demonstrated, no definite con¬ 
clusion could be drawn from the present study* but there was a suggestion that 
for women in the Kara region, passive smoking is associated with development of 
lung cancer in women. The effect of passive smoking which has continued to the 
present time was especially marked, particularly notable in squamous cell carci¬ 
noma and small cell carcinoma. With adenocarcinoma, the effect of passive smoking 
in the past was suspected* 

Along with passive smoking,, the association of some intrinsic factor (gene¬ 
tic tendency) to varying degrees in the different histologic types of lung cancer 
in women, especially in adenocarcinoma, was apparent. 
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PASSIVE SMOKING IS A RISK FACTOR FOR LUNG CANCER IN NEVER SMOKING WOMEN 
IN HONG KONG 

^XAI HING LAM, KAR KEUNG CHENG 

Department of Community Medicine, University of Hong Kong, Li Shu Fan 
Building, 5 Sassoon Road, Hong Kong. 

INTRODUCTION 

In Hong Kong r lung cancer is the leading cause of death due to 
malignant neoplasms in both sexes. On a world scale, lung cancer death 
rates among men are not particularly high in Hong Kong. However, the 
rates in women are among the highest in the world. Four case control 
studies have been carried out in Hong Kong to investigate the risk 
factors for lung cancer in women, particularly smoking and passive 
smoking. They are reviewed as follows: 

I. 1976-1977 STUDY 

The first major study on risk factors for lung cancer was a case 
control study on 208 male and 189 female patients. The controls were 
204 male and 169 female hospital orthopaedic patients, Stooking was 
found to be a major risk factor in males with a relative risk (RR) of 
27.51. In females, the RR for smoking was only 3.48. 44.4% of the cases 

were non-smokers whose tumours were predominantly adenocarcinomas 
(45.2%). X 

The role of passive smoking was studied by simply asking the question 
of “Are you exposed to the tobacco smoke of others at home or at work?" 
For non-smoking women, 40.5% of the cases and 47.5% of the controls had 
passive smoking. The RR for passive smoking was 0.75 (P-0.38) 

II. 1981-1983 STUDY 

In the second case control study, 200 female cases and 200 district 
female controls matched for age were interviewed in depth using a semi- 
structured questionnaire. The RR for ever smoking was 2.77. 44.0% of 

the cases had never smoked. 

Among the never-smoked wives, 61.4% of the cases and 51.8% of the 
controls had smoking husband. The RR for passive smoking due to smoking 
husband was 1.48 (P-0.16) . 3 

III. 1981-1984 STODY 

The third case control study included 163 female cases and 185 female 
controls from hospital orthopaedic patients. Unlike the previous two 
studies, only histologically and/or cytologically confirmed cases were 
included, h standardized questionnaire was used for interviewing. The 
RR for smoking was 4.12. The proportion of cases who were non-smokers 
was 46.0%. 

The role of passive smoking was studied only on the* adenocarcinoma 
cases. For non-smoking women, 61.7% of the adenocarcinoma cases and 
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44.4% of the controls had passive smoking due to smoking husband. They 
RR for passive smoking was 2*01 (P<0.05), Analysis was also carried out 
by the site of the tumour. For centrally sited tumour, the RR for 
passive smoking was 1.61 (P>0.05). For peripheral tumour, the RR was 1 
2.64 (P<0.05). 4 


IV. 1983-1986 STUDY 

This was the largest case control study on lung cancer in women in 
Hong Kong^ A standardized structured questionnaire was desired for 
interviewing. All the cases were confirmed pathologically. They were 
compared with 445 female healthy neighbourhood controls matched for age. 
The RR of ever smoking was 3.81. 

45.5% of the cases were never smokers. For never smoking women* 57.8% 
of the cases and 45.4% of the controls had passive smoking due to a 
smoking husband. The RR for passive smoking was 1*65 (P<0.01, 95% £ 

je*I*-1.16, 2.35).* 

* When broken down by cell type, the proportion of never smokers of 
62.4% was the highest in adenocarein ana and it was only in this cell 
type that the RR for passive smoking was statistically significant 
(gR*1.87, P<0.01, 95% C.I.-1.23, 2.85). Significant trends for RR with 
amount smoked daily by husband were observed for all cell types combined 
and for adenoca rein ana only. 


TABLE I 

SUMMARY OF RESULTS ON PASSIVE SMOKING AMONG NON-SMOKING WOMEN IN 4 CASE 
CONTROL STUDIES IN HONG KONG 


Cases/Controls 


Study* 

Passive 

smoking 

No passive 
smoking 

Total no. 
of cases k 

controls 

Relative 

risk 

P 

value 

1976-1977 

Chan & Fung, 1983 

34/66 

50/73 

223 

0.75 

0.38 

1981-1983 

Koo et al, 1985 

54/71 

34/66 

225 

1.48 

0.16 

1981-1984 

Lam WK, 1985 

37/64 

23/80 

204 

2.01 

0.03 

1983-1986 

Lam TH et al, 1987 

115/152 

84/183 

534 

1.65 

0.007 

Grand Total 

240/353 

191/402 

1,186 

1.43** 

0.004 


* The study by Lam WK included only adenoca re in ana whereas the other 
three studies included all cell types. 

** Summary relative risk by Mantel Haenszel's method 10 

o 

ro 

CJ 
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9 
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SUMMARY of results on passive smoking 

Table I shows the sunmary of results of the above four studies. Apart 
from the earliest study in which' only one simple question was asked 
about passive smoking, they al 1 ! showed a RR greater than unity. 
Statistical significance was reached in the recent two. The Mantel- 
Haenszel's summary RR was 1.43 (p<0.01, 95% C.I.-1.12, 1.83). 

In a review of epidemiological and other evidence on passive smoking 
and: lung cancer. Blot and Frauraeni estimated a 30% excess risk 6 while 
Wald et al calculated a relative risk of 1.35 by pooling the results of 
ten case control studies and three prospective studies. The suamary RR 
of the four case control studies in Hong Kong is close to these 
estimates. Because the local prevalence of smoking among women was low 
(4.1%), 8 the influence by misclassification bias would be much less than 
in western countries and could not account for the relatively high RR. 
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Abstract. The specific aim of this study was to examine 
epidemiologic characteristics and multiple risk factors of lung 
cancer in Taiwan. The age-adjusted mortality from lung cancer 
has been increasing since the early 1950s with a constant 
male-to-female ratio of around 2.0. International comparison 
of cumulative moratlity from lung cancer showed a much 
lower male-to-female ratio in Chinese than in other popula¬ 
tions . Significantly high moratlity from lung cancer was 
observed in highly urbanized cities and the endemic area of 
chronic arsenicism in Taiwan. Significant associations of 
active t 


^igaretusmpfdn^ catxino- 

mfl, 


significant socioeconomic impact with a work-year loss of 
12,500 annually (1). 

The one-year survival rate of lung cancer patients was 
reported as Itss than 20% in Taiwan (3)- The early detection 
of lung cancer by chest X-ray, sputum cytology and / or fiber 
optic bronchoscopy remains ineffective and inefficient (3-5 )i 
Other screening methods, including tumor marker levels, still 
need further evaluation (6). Primary prevention and in¬ 
tervention become an important task in the control of the 
disease. The identification of risk factors for lung cancer is 
essential for an effective and efficient primary prevention. 


Both genetic and environmental risk factors have been 
related to the development of lung cancer. Risk factors whicfr 
anas. Alcohol drinking , coffee ^.have been documented include active and passive cigarette 


drinking and various types of indoor air pollution were not 
related to lung cancer after the cigarette smoking habit was 
adjusted through a multiple logistic regression analysis. 

Lung cancer is one of the most important cancers in Taiwan 
where malignant neoplasm has become the leading cause of 
death since 1982. The mortality from lung cancer ranked the 
second in both men and women among various cancer sites in 
Taiwan (1), The annual number of deaths from lung cancer 
was as high as 2,500-3,000 in the 1980s (2). It has resulted in a 


*Presentedat the Second International Conference of Antican¬ 
cer Research, October 11-15, 1988 , Saronis, Greece. 

Correspondence to: Prof. Chien-Jen Chen, Black Building Room 
209. Columbia University Comprehensive Cancer Center, 650 
West 168th Street. Nfcw York, New York 10032, USA. 


Smoking, occupational and environmental exposures to arse¬ 
nic. asbestos, chromium, mustard gas, radon and polyaroma- 
tic hydrocarbons, as well as inadequate consumption of dark 
green vegetables (741). Populations in different areas may 
have different risk factors for Uing cancer, and the same risk 
factors may be of different importance in different popular 
tions and / or areas. The study of risk factors in various 
populations is important not only for the disease control 
program, but also for the elucidation of its etiological 
mechanism. 

Although epidemiologic characteristics of lung cancer in 
Taiwan have been described in two previous reports (12, 13). 
there has never been a case-control study aimed at elucidat¬ 
ing possible risk factors for lung cancer in Taiwan* In this 
report, we updated the analysis of epidemiologic characteris¬ 
tics of lung cancer mortality and incidence, and: examined 
multiple risk factors for the disease based on a hospital - 
based matched case - control study. 

Materials and Methods 


Key Words: Epidemiology, risk factors, lung cancer. 


Analysis of mortality and incidence rates The data on lung cancer deaths 
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Table I. Secular trend of age-adfusied lung cancer mortality rales per 
100,000 population from 1954 to 1988 tn Taiwan by sc* 


Year 

Age-adjusted mortality 

Male-to-female 

Male 

Female 

ratio 

1954-1958 

3.88 

207 

1.87 

1959-1963 

6.49 

3.53 

1.84 

1964-1968 

10.35 

5.84 

1.77 

1969-1973 

13.97 

6.68 

2.09 

1974-1978 

1665 

8.29 

2 01 

1979-1983 

21.79 

10.42 

2.09 

1984-1988 

24.91 

12.22 

2.04 


from 1954 10 1988 were obtained from ibe Taiwan Provincial Department 
of Health which a in charge of the death certification system in Taiwan. 
Population data for the same pc nod were abstracted from annua] 
demographic statistics (14) r As it is mandatory to register any event of 
birth, death, marriage, employment and education in household registra¬ 
tion offices, mortality data are quite complete and accurate in Taiwan. 
The incidence of lung cancer in Taiwan was derived from annual reports 
of national i cancer registry (15) As the completeness and accuracy of 
cancTe registry has been assessed in Taipei City only, the incidence dau 
analyzed in this report were limited to those of Taipei City. The mortality 
from hing cancer in 17 selected countries was obtained from the annual 
vital statistics published by the World Health Organization (16) Inci¬ 
dence rates of lung cancer among Chinese males and females in San 
Francisco. Los Angeles. Hawaii. Hong Kong and Shanghai were ab¬ 
stracted from the registration data published by the international Agency 
for Research on Cancer (17) 

In the analysis of mortality and incidence, age-sex-specific rates were 
first calculated for different areas and / or calendar years. The age was 
stratified^ into 15 five-year groups from less than 5 to 70 or more. 
Age-adjusted mortality and incidence rates were calculated using world 
population in 1976 (17) as the standard population for the study of secular 
trend, migrant comparison and geographical variation in Taiwan, while 
cumulative mortality rates over the age range from 0 to 84 years were for 
international comparison] 

Hospital-based matched case<ontrol study As most patients suspected of 
having lung cancer are referred to teaching hospitals for confirmatory 
diagnosis and treatment in Taiwan, we recruited serial patients with lung 
cancer from four major teaching hospitals in Taipei City. All patients 
were newly diagnosed and pathologically confirmed. A total of 354 new 
cases were recruited and 332 (93:8%) agreed to participate in the study. 
Hospital controls group-matched with case on hospital, age and sex were 
recruited from ophthalmic patients of study hospitals with a control-to- 
case ratio of 3:1. Among 664 recruited controls, 635 (95.6%) of them 
agreed to participate in the study 

A structured questionnaire was used to obtain socio-demographic 
characteristics and the history of exposure to risk factors including 
cigarette smoking; alcohol drinking, tea and coffee drinking, as well as 
indoor air pollution resulting from burning incense and mosquito coils. 
The consumption frequency, quantity and duration were inquired for 
habits of cigarette smoking, alcohol drinking, tea drinking and coffee 
drinking. 

in addition to the questions mentioned above, the interview tune and 
interviewer - assessed reliability of the interviewee s response were also 
included. The average interview time in minutes was 37.4 and 31.5 
respectively for cases and hospital controls. There were 9 (2.7%) cases 
and 18 (2 8%) controls whose responses were rated as unreliable because 
of poor memory and / or cooperation In all. there were 323 cases and 617 
hospital controls available for the final analysis. With regard to the 
pathological type of the 323 lung cancer patients, there were 133 (41.2%) 
affected with epidermoid-carcinoma. 47 (14.6%) with small cell carcino¬ 


ma, 134 (41.5%) with adenocarcinoma, and 9 (2.8%) with other minor 
pathological types 

In the univariate analysis, the odds ratio and us statistical significance 
of each n&k factor were assessed for three major pathological types of 
lung cancer. Mantel - Hacnszel chiquare test 08) was used to assess the 
statistical significance of age-sex-adjusted odds ratios for each nsk factor. 
As several nsk factors were mter-corTelated, multiple logistic regression 
analysis (19) was used to estimate multivanate - adjusted odds ratios. In 
the regression analysis, only significant nsk factors observed in the 
univanate analysis were included in the regression equation. BMDP 
statistical software was used to estimate regression coefficients through 
the maximum likelihood method (19): 


Results 


Secular trend The secular trend of lung cancer mortality from 
1954 to 1988 in Taiwan is shown in Table I The age - adjusted 
mortality rate of lung cancer increased strikingly during the 
period for both males and females; it increased significantly 
from 3.88 per 100,000 in 1954-1958 to 24.91 per 100,000 in 
1984-1988 for males, and from 2.07 per 100.000 in 1954-1958 
to 12.22 per 100,000 in 1984-1988 for females. The male-to- 
female ratio of age-adjusted lung cancer mortality remained 
around 2.0 during the period from 1954 to 1988. 


International comparison, migrant difference and geographic¬ 
al variation. The international comparison of lung cancer 
mortality in Taiwan and 17 selected countries is shown ini 
Table II. Males in Scotland and The Netherlands had the 
highest mortality from lung cancer, while males in Taiwan 
and mainland China had the lowest. Females in Hong Kong 
and Scotland had the highest mortality, while females in the 
Netherlands and mainland China had the lowest. The 
cumulative mortality rate of lung cancer in Taiwan ranked as 
the 17th and 9th, respectively, for males and females. The 
male-to-female ratio of the cumulative mortality rate of King 
cancer varied significantly from greater than 6.0 in the 
Netherlands, West Germany and Italy to less than 3.0 in 
Taiwan, China and Hong Kong. 

The comparison of age-adjusted incidence rate of lung 
cancer among Chinese in different areas is shown in Table 
III. The rate for males was highest in Singapore and lowest in 
Taipei, while that for females was highest in San Francisco 
and lowest in Los Angeles. The male-to-female ratio in 
age-adjusted mortality from lung cancer ranged from 1.33 in 
Hawaii to 3.43 in Singapore. 

There was also a striking geographical variation, of lung 
cancer mortality among 361 townships and precincts in 
Taiwan. Generally speaking, males and females had similar 
geographical variation in age-adjusted mortality of lung can¬ 
cer with a correlation coefficient of 0.54. High lung cancer 
mortality was observed in highly urbanized cities as well as in 
the endemic area of chronic arsenirism. while low mortality 
was observed in rural townships where aboriginals and Hakka 
Taiwanese reside. There was a significant correlation in the 
geographical variations of lung cancer with cancers of the 
liver, pancreas, bladder and kidney in males and females as 
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Table II. Comparison of cumulative mortality from lung cancer m Taiwan 
and 17 selected countries. 



Male 


Female 


Rank 

Country 

CMR 

Country 

CMR 

I 

Scotland 

21.22 

Hong Kong 

5.95 

2 

Netherlands 

20.04 

Scotland 

4.40 

3 

England & Wales 

1861 

Singapore 

4.37, 

4 

Hong Kong 

13:97 

England St Wales 

3.97, 

5 

Singapore 

13.87 

USA 

3.43 

6 

Hungary 

13.82 

Ireland 

3.24 

7 

Austria 

1352 

Canada 

2.79 

8 

Canada 

13 16 

Hungary 

2.56 

9 

USA 

13,04 

Taiwan 

2.52 

10 

West Germany 

12 99 

Israel 

2.39 

U 

Australia 

12 59 

Australia 

2.07 

12 

Italy 

11.47 

Japan 

2.06 

13 

Ireland 

11.05 

Austria 

2.05 

14 

Japan 

7.38 

West Germany 

1.56 

15 

Israel 

7.14 

Italy 

1.48 

16 

Chile 

5.08 

Chile 

1.45 

17 

Taiwan 

4.98 

Netherlands 

1.43 

18 

China 

1.95 

China 

0.93 


CMR: Cumulative mortality rates. 0-84 yean (percent) 


Table III. Age-adjusted incidence rates per 100.000 population of lung 
cancer among Chinese in ju odes tn Asia and USA. 


City 

Age-adjusted mortality 

MaJe-to-female 

Male 

Female 

ratio 

Singapore 

680 

19.8 

3.43 

San Francisco 

57.8 

25.1 

2.30 

Hong Kong 

55.5 

23.4 

2.37, 

Shanghai 

51.2 

18.1 

2.83 

Los Angeles 

33.8 

13.6 

2.49 

Hawaii 

31.4 

23.6 

1.33 

Taipei 

27.7 

14.4 

1.92 


Table IV. Ecological correlation between age-adjusted mortality rates of 


lung cancer and other cancers in 361 townksiphs and precincts in Taiwan. 

Correlation 

Male 

Female 

Lung vs. liver 

0.17 

0.24 

Lung vs. pancreas 

0.29 

0.21 

Lung vr. bladder 

0.35 

0.74 

Lung vs. kidney 

0.24 

0.66 

Lung vi. prostate 

029 

- 


well as with cancer of the prostate in males, as indicated in 
Table IV 

Case-control study. Table V shows frequency distributions of 
age and sex of 133 epidermoid carcinoma, 47 small cell 
carcinoma and 134 adenocarcinoma patients and of 617 
ophthalmic hospital controls They were all comparable in 


the distribution of age and sex. The age-sex-adjusted odds 
ratios for cigarette smoking on the development of various 
pathological types of lung cancer are shown in Table V-l. 
There was a significant association between cigarette smoking 
and epidermoid carcinoma, small cell carcinoma and aderio- 
.carcmoma of the lung, with an odds ratio of 6.66. 3.59and 
£2.08, respectively. Futhermore. the duration, quantity and 
inhalation degree of cigarette smoking were all significantly 
associated with three pathological types of lung cancer in a 
dose-response relation i Passive smoking was also correlated 
with the development of epidermoid carcinoma, small ceU^ 
carcinoma and"adenocaranom of the lung with a significant 
ixlds ratio of 4.68, 2.55 and 3.04, respectively. 

The age-sex-adjusted risk of developing various patholo¬ 
gical types of lting cancer for alcohol dnnking. tea drinking 
and coffee drinking are shown in Table VII. Alcohol drinking 
was significantly associated with epidermoid carcinoma of the 
lung with an odds ratio of 1.57. Neither small cel carcinoma 
nor adenocarcinoma was significantly correlated with alcohol 
drinking. None of the habits of drinking black tea. half- 
processed tea and green tea was significantly associated 1 with 
any pathological type of lung cancer. Coffee dnnking was 
found to be associated significantly with epidermoid carcino¬ 
ma of the lung only. 

Table VIII shows associations between various kinds of 
indoor air pollution and pathological types of lung cancer. 
Neither burning incense at home nor type of cooking fuels 
was related to the development of any type of lung cancer. 
Burning mosquito coils at home was found to be significantly 
associated with the development of epidermoid carcinoma 
and adenocarcinoma of the lung, with an odds ratio ofi I.81i 
and 1.70, respectively. 

As risk factors significantly associated with various patho¬ 
logical types of lung cancer were inter-correlated, a multiple 
logistic regression analysis was empolyed to assess multivari¬ 
ate - adjusted odds ratio for various variables. Separate 

b^jES^SEiStr^ Only active and passive, cigarette smoking 
w er e ; sig nificantly associated with the three pathological types 
oflySS^ nc cr. Alcohol drinking^coffec drinking and burning 
m^Mq^wls'at home werenota^ with 

any pathological type of lung cancer aftercigarette smoking 
was adjusted!; 

Discussion 

Increasing secular trend and significant geographical varia¬ 
tion are two interesting epidemiolbgic characteristics of King 
cancer. This suggests the importance of environmental fac¬ 
tors in the determination of the disease. In this study, we 
observed an increase in lung cancer mortality in Taiwan since 
the early 1950s. The result is consistent with those observed 
in most countries (20). The increas in age-adjusted lung 
cancer mortality in Taiwan may be attributable to improved ; 
diagnostic methods, increased consumption of cigarettes. 
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Table V. Age and sw distributions of 133 epidermoid carcinoma. 47 small cell carcinoma, and 134 adnocarcinoma patients and 617 opthalmic hospital 
controls in metropolitan Taipei areas. 

Variable Group 

Epidermoid 

carcinoma 

NO, <%) 

Small iccll 

carcinoma 

No (%) 

Adeno¬ 

carcinoma 

No. (%.): 

Hospital 

controls 

No (%) 

Age <55 

21 05.8) 

17 (36.2) 

38 ( 28 4) 

146 (23.7). 

55-64 

59 (44.4) 

14 (29.8) 

50 (37:3) 

244 (39 5) 

65 + 

53 (39.8) 

16 (34.0) 

46(34.3) 

227 (36 8). 

Sex Male 

111(83.5) 

36 (76.6) 

101 (75.4) 

488 (79.1) 

Female 

22 06.5) 

11 (23.4) 

33 (23:4) 

129(20.9) 


Table VI. A gr-sex-adjusted odds ratios for 

cigarette smoking on the development of three pathological types of lung 

cancer 

Variable 

Group 


Age-sex-adjusted odds ratio 



Epidermoid 

Small celt 

Adeno¬ 



carcinoma 

carcinoma 

carcinoma 

Hahn 

Yes 

6 66*** 

3.59— 

2 08'**' 


No 

IlOO 

1.00 

1.00 

Duration (year) 

41 + 

8.43V- 

5.12*** 

3.79*** 


31+40 

6.52 

4.30 

1.60 


2U30 

2 76 

3.33 

1.52 


1-20 

1 l70 

2.16 

1.23 


None 

1.00 

1.00 

1.00 

Quantity 

31 + 

nil — 

8 09— 

3:61 ***' 

(cig./day) 

2H30 

7:6J 

4.64 

2.34 


11+ 20 

7.05 

3.48 

1.74 


1-10 

2.59 

2.45 

1.21 


None 

I 00 

1.00 

1.00 

Inhalation i 

Deep 

7:23— 

4.37** 

2.21 * 


Shallow 

367 

3.57 

1.92 

Passive smoking i 

None 

1.00 

1.00 

1.00 

A 

No ▼ 

4.68* Jft 

too r 

100^ 

3.W| 

i.W* 

* p < 0.05. **p < 0 01. 

*** < 0.001 based on Mantel - Haenszei chi-square tests. 



Table VII. Age-sex-adjusted odds ratios for beverage drinking on the development of three pathological types of lung cancer. 

Variable 

Group 


Age-sex-adjusted odds ratio 



Epidermoid 

Small cell 

Adcno- 



carcinoma 

carcinoma 

carcinoma 

Alcohol drinking 

Habit 

Yes 

1.57- 

1.36 

1.17 


No 

1.00 

1.00 

1.00 

Frequency 

4+ 

1l72* 

1.90 

1.50 

(days/wcck) 

1-3 

1l43 

0.90 

0.98 


None 

1l00 

1.00 

1.00 

Tea drinking 

Black tea 

Yes 

0.20 

1.10 

0.19 


No 

1100 

1.00 

1 00 

Half-processed lea 

Yes 

1152 

0.99 

0.99 


No 

1.00 

1.00 

1 00 

Green tea 

Yes 

11.48 

1.20 

1.77. 


No 

1l00 

1.00 

I 00 

Coffee drinking 

Yes 

2.10* 

1.44 

1.25 


No 

1.00 

1.00 

1 00 


* P < 0.05 based on Mantel - Haenszei chi-square tests 
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Table VIM Ag e-sex -adjusted odds ratios for various 

rypes of indoor air pottunon on 

the development of three pathological types of lung cancer. 

Variable 

Group 


Age-sex-adjusted odds ratio 



Epidermoid 

carcinoma 

Small cell 

carcinoma 

Adeno¬ 

carcinoma 

Burning intense 

Yes 

0.77 

1.33 

0.99 


No 

1.00 

1 00 

100 

Burning mosquito 

Yes 

1.81* 

1,13 

V 70* 

coils 

No 

1.00' 

1.00 

1 00 

Cooking fuels 

Wood & coal 

0.85 

1.08 

1 02 


Charcoal, gas 
& electricity 

1.00 

1.00 

1 00 


p <'0.05 based on Mantel * Haenszel chi - square lesLs. 


rapid industrialization and urbanization, and worsened air 
pollution. International comparison of cumulative mortality 
from lung cancer revealed a striking difference in the male-to- 
female ratio among 18 countries studies. The reason for a 
much lower male-to-female ratio among Chinese in various 
countries deserves further investigation. As most Chinese 
women are non-smokers and 60% of femalfc lung cancer 
patients are affected with adenocarcinoma (12), it seems 
reasonable to suspect that risk factors other than active 
cigarette smoking are involved in the development of adno- 
cardnoma. The striking geographical variation in lung cancer 
mortality among 361 townships and prednets in Taiwan also 
suggests the importance of environmental factors. Heavy air 
pollution resulting from urbanization and industrialization 
may at least partly contribute to the high mortality from lung 
cancer in cities. Consumption of high-arsenic artesian well 
water has been documented to be the major risk factor for 
lung cancer in the endemic area of chronic arsenidsm (21). 
The significant ecological correlation between mortality rates 
of lung cancer and pancreas cancer may be explained by the 
better dignosis of the latter in urbanized areas. However, the 
similar geographical variation in mortality from cancers of the 
lung, liver, bladder, kidney and prostate may be attributable 
to their associations with arsenic exposure from drinking 
water. 

$&ln our case-control study, both active and passive dgarette 
smoking were significantly associated with the development 
of three pathological types of lung cancer. Almost all 
epidemiological studies and animal experiments consistently 
show a significant assodation between dgarette smoking and 
lung cancer (7^9, 22). Both epidermoid cardnoma and small 
cell cardnoma had a stronger assodation with active dgarette 
smoking than adenocardnoma in this study. This observation 
is consistent with those reported previously However, there 
was no difference in the assodation with passive dgarette 
smoking for the three pathological types of lung cancer. 
Futher investigations are needed to explain such a discre¬ 
pancy : 

Habits of:alcohol drinking and coffee drinking were signifi¬ 
cantly assodated with the development of epidermoid carci¬ 


noma of the lung in the univariate analysis in this study. 
However, the assodation was no longer significant after 
further adjustment for the effect of dgarette smoking. Indoor 
air pollution has been documented to cause lung cancer in 
Yunnan Province of China (10). In this study, an effort was 
made to assess the effects of various types of indoor air 
pollution on the development of lUng cancer. Although a 
significant assodation between lung cancer and burning mos¬ 
quito coils at home was observed in the univariate analysis, it 
became not significant after active and passive dgarette 
smoking were adjusted for. The reduction of cigarette smok¬ 
ing through public education remains the most important task 
for the primary prevention of lung cancer. 
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; Cancer Detection and Prevention 

Volume 14 / Issue 5, 1990; pp. 497—503 

Dr G. H Miller, the author of "The Impact of Passive Smoking Cancer Deaths among Nonsmoking Women' requested that 
a revised Abstract be printed to clarify several points. 

ABSTRACT 

In order to obtain an estimate of the impact of passive smoking on cancer mortality, a retrospective study was conducted 
examining the cancer mortality of nonsmoking wives with no known or minimal exposure in contrast to nonsmoking wives with 
moderate to life-time exposure to tobacco smoke. The study was based on the data from 906 deceased nonsmoking women who 
resided in Erie County, Pennsylvania, who were divided into the following three categories: 

1. No known exposure 

2. Exposed nonemployed 

3. Employed (assumed to be exposed to environmental tobacco smoke in the workplace) 

The data were analyzed by the retrospective case-control method using cancer deaths as the cases and non-cancer related deaths 
as the controls. Also, the data from 401 smoking women were used for comparative purposes of the totali percentage of cancer 
deaths among three groups: 

1. Nonsmoking, nonexposed women 

2. Combined nonsmoking unemployed and employed exposed women 

3. Smoking women 

The major finding from the study are 

1 . 

2 . 


3. 


4. 

5i 

Public health officials should consider requiring that the workplace be free from tobacco smoke since these data imply that 
passive smoking has a very detrimental effect upon nonsmokers Also, smokers should be made aware of the potential dam - 
age they inflict on others in their home as well as the workplace. 


Only (2.2%) of the total deaths reported among the nonsmoking women with no known or minima! exposure to tobacco 
smoke were due to cancer of any site. 

No cases of lu n g cancw^eat^ugrcjep^ttdfor^^ nonexposed, nons™fcing women, and eight lung cancer deaths we# 
re^r^^unOTgS^noS^lu^WmeifwlwwOTexp^dtbpassiv^l™lingl Also, for this small group of 179 nonsmoking 
nonexposed women, there were no reported cases of breast cancer, genitourinary or lymphatic cancer. 

Employed nonsmoking women experienced proportionately more cancer deaths (34.3%) than both nonexposed (2.2%) and 
exposed nonemployed wives (18:9%). The combined groups of exposed nonsmoking wives (nonemployed and employed) 
contracted 25.5% cancer deaths. 

Age-adjusted data showed similar trends. 

Cancer death rates for women smokers was 35,5% of the total deaths of women smokers. 
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The Impact of Passive 
Smoking: Cancer Deaths among 
Nonsmoking Women 

G.H Miller, Ph.D., CPC 

ABSTRACT 

In order to obtain an estimate of the impact of passive smok¬ 
ing on cancer mortality, a retrospective study was conducted 
examining the cancer mortality of nonsmoking wives with no 
known or minimal exposure in contrast to nonsmoking wives 
with moderate (up to 19 years) to lifetime exposure to tobacco 
smoke. The study was based on the data from 906 deceased 
nonsmoking women from Erie County, Pennsylvania, who were 
divided into the following three categories: 

1. No known exposure 

2. Exposed nonemployed wives 

3. Employed wives assumed to be exposed to environmental 
tobacco smoke in the workplace 

The data were analyzed by the retrospective case-control 
method using cancer deaths as the cases and non-cancer related 
deaths as the controls. The major findings from the study are 

1. Only 2.2% of the deaths reported among the women with 
no known or minimal exposure to tobacco smoke were 
due to cancer of any site. 

2. No cases of lung cancer were reported for the nonexposed 
women, and eight lung cancer deaths were reported among 
the nonsmoking women who were exposed to passive 
smoking. 

3. Employed women experienced proportionately more can¬ 
cer deaths (35.3%) than both nonexposed (2.2%) and 
exposed nonemployed wives (25.5%). 

4. Age-adjusted data showed similar trends. 

Public health officials should consider requiring that the 
workplace be free from tobacco smoke since these data imply 
that passive smoking has a very detrimental effect upon non- 
smokers both at home and in the workplace. 

Key Words: passive smoking, lung cancer, breast cancer. 

I. INTRODUCTION 

Whether or not passive smoking is detrimental to health has 
been extensively considered in the last decade. The first reports 


on the effects of long-term exposure to passive smoking ap¬ 
peared in the late 1970s. 1 * 3 Prior to that time, it was generally 
assumed that passive smoking was not of much consequence. 
However, most health professionals were aware of reports of 
moderate-to-severe eye irritation as well as allergic reactions 
to tobacco smoke. 1 * 3 There were also reports of the senous 
health consequences observed in animals after exposure to high 
concentrations of tobacco smoke. 1 In the 1970s, research re¬ 
ports discussed the effect of increased respiratory diseases in 
children of smoking parents. 2 These were followed by the 1980 
Surgeon General’s report on the harmful effects of cigarettes 
on the health of smoking women, including research reporting 
lower birthweights among children of smoking mothers. 4 Pas¬ 
sive smoking has been associated with deleterious effects on 
the fetus. 5 - 6 

In 1978 7 and 1979,* at the Third World Conference on Smok¬ 
ing and Health, Miller 7 * 1 proposed a passive smoking classi¬ 
fication based on three different exposure levels: (1) short-term 
— a few minutes to a few hours; (2) moderate-term — less 
than 2 decades; and (3) long-term — 2 decades to a lifetime. 
He suggested that studying the consequences of long-term ex¬ 
posure provided the best opportunity for observing the effects, 
if any, of passive smoking. He reported a 4-year earlier av- 
erage-age-at-death of nonsmoking women exposed to their hus¬ 
bands’ cigarette smoke compared with nonsmoking, nonex¬ 
posed women. 

White and Froeb 9 in 1979 reported severe lung dysfunction 
following long-term exposure to tobacco smoke. Hirayama, 10 
Tricopolous et al./ 1 and and Correa et al. 12 noted a two- to 
threefold increase in lung cancer in exposed wives when com¬ 
pared to nonexposed wives. Gillis et al. 13 and Schmidt et al. 14 
have also shown that passive smoking is detrimental to the 
health of the nonsmoker. Miller, 15 Sandler et al. , 16 and Repace 
and Lowrey 17 each showed a two- to threefold increase in total 
cancer deaths following long-term exposure to passive smok¬ 
ing. Garfinkel et al., l# who had previously found no statistically 
significant evidence of the detrimental effects of passive smok¬ 
ing, now reports a two- to threefold increase in lung cancer. 19 
Wald et al. 20 and Pershagen et al. 21 most recently have provided 
support for the hypothesis that passive smoking increases lung 
cancer incidence, largely among spouses. Two reports provide 
a detailed review of the research on passive smoking, noting 
its detrimental effects: the Surgeon General 22 recommended a 
smoke-free environment, and the National Academy of Sciences 23 
recommended no smoking in the home environment of chil¬ 
dren. 

In order to obtain additional information on the effects of 
passive smoking, this study compared different levels of cm 
vironmental tobacco smoke exposure of married nonsmoking 
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women with cause of deathi The causes of death included in 
the study were the usual causes of death isuch as cardiovascular, 
cancer, and respiratory diseases but excluded traumatic deaths 
such as accidents, suicides, and homicides. Men were not' 
included in this study since so many men are exposed tc en¬ 
vironmental tobacco smoke in'the workplace. 

II. MATERIALS AND METHODS 

A. The Population 

The population of Ene County, which includes Enc. the 
third largest city in Pennsylvania, was 263.654 in 1970. It is 
primarily a middle income population (the average family in¬ 
come for 1970 was listed as 59.380) with a low migration rate 
of 19c for the 1950 to 1970 time penod as reported by the 
Pennsylvania Department of Commerce. 

B. Methodology 

The Northwestern Pennsylvania Study on Smoking and Health 
(NPSSH) began to gather data in 1973 on the smoking habits 
of deceased male and female residents in Ene County by in¬ 
terviewing the decedents' next of kin. Death notices for the 
years 1972 through 1982 were obtained from the local news¬ 
paper. which lists the names of approximately 959fc of deceased 
Erie County residents along with information on surviving Tell- 
atives. 

Telephone numbers of one to three surviving relatives were 
obtained for approximately 85<£ of the death notices reported 
in the newspaper. Deaths from accidents, suicides, congenital 
anomalies, and persons younger than 30 years of age were not 
included because an age bias is introduced when those classified 
in these categories have their' lives curtailed and therefore would 
not provide an accurate estimate of the age at which cancer 
actually occurs for the passive smoking-exposed women. Be¬ 
cause of the reduced life expectancy , the inclusion of accidents 
and suicides would lower the incidence of cancer since those 
in the lower age cohorts might have contracted some type of 
cancer had they lived long enough. These individuals com¬ 
prised about 10 9c of the total deaths. 

A questionnaire designed for telephone interviews was conr 
stmeted with the assistance of the local branches of the Amer¬ 
ican Cancer Society, the American Heart Association, the 
American Lung Association, and by smoking and health ex¬ 
perts in the Pennsylvania Department of Health. A more de¬ 
tailed description of this questionnaire has been published. 15 

Interviewers explained the purpose of the study to the iden¬ 
tified surviving relatives and solicited their cooperation. In¬ 
formation was collected from them on each decedent’s cause 
of death, age. occupation (including information on whether 
or not the wife worked outside the Home), exposure to known 
sources of pollution (including environmental tobacco smoke), 
smoking history, and whether or not the spouse and parents 


smoked. The interv iews were conducted by the director on the 
study and by interviewers trained by him 

The questionnaire was revised in 1975. and additional iiem- 
were included to obtain more complete information!on a *p»him? : n 
smoking habits, such as type and quantity of u ipjcco: u -ed. 
detail on smoking cessation, the age at the time oi death,and 1 
the cause of death, the current age ifi living, the vear or decade 
of death if deceased. Information on w hether any other mem¬ 
bers of the household smoked was also added. 

Detailed data on passive smoking from the reused queN- 
tionnaire were gathered on the decreased from 23■ month* in 
the years 1975. 1976. 1979. and 1980; these were the only 
data considered in this study. Due to logistical problems, the 
interviews for deaths occurring in other months were not com¬ 
pleted at that time. The total number of deaths among residents 
of Ene County for these 4 years (Pennsylvania Department oil 
Health)was 10.131 (5478 men and 4653 women). Among the 
3538 relatives contacted. 3361 (05*T) provided information om 
1863 men and 1498 women. Of the 1498 deceased women for 
whom information was obtained, smoking exposure histones 
were available for 1423 — 906 nonsmoking wives, who are 
the subjects considered in this paper, plus data on.40.1 smokers. 
Of the remaining 1:16 deceased nonsmoking women. 63 never 
mamed and 53 did not have sufficient information on passive 
smoking to include in this study. For example, the statement 
that a husband was a smoker was not considered sufficient 
evidence if details on amount and type of tobacco use were 
unavailable, resulting in the exclusion of the wife from this 
study. These data are summarized in Table I. 

In this study, a nonsmoker was defined as a person who had 
smoked fewer than 20 packs of cigarettes during his or her 
lifetime. A nonsmoking, nonexposed wife was one who had 
no known reported exposure to tobacco smoke from any source 
or minima] exposure (only occasional exposure to pipe, cigar, 
or cigarette smoke). A nonemployed exposed wife was one 
who was exposed to cigarette smoke bv a family member 

Table I 

Total Deaths from All Causes, Total Cancer Deaths, 
and Number of Interviews from the Erie County 
Population Data Base for the Years 1975, 1976, 

1979, and 1980 



All 

All 

Total 

Interviews 

passive 

Interviews 
used in 


causes 

cancer 

Interviews 

smoking 

study 

Men 

5:478 

1.116 

1.863 

1.793 


Women 

4.653 

995 

1.498 

1.423 

906 J 

Total 

101131 

2.Ill 

3.361 

3.216 



This figure ir>cludes only nonsmoking women with detailed information on: 
passive smoking exposure. It excludes 401 smoking wives and 116 who 
were never mamed. singli, or of uncertain passive smoking status 
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(husband, children, or relatives) or a nonfamily member, or 
had reported long-term exposure to smoky rooms in non-em- 
ployed activities outside the home. An employed wife was 
identified by a surviving relative as a person engaged in an 
occupation outside the home for more than 3 years. 

In order to insure a clearly defined category for nonexposure, 
all those who may have had any potential moderate-to-heavy 
exposure were eliminated from this category. Therefore, those 
not included in the nonexposed spouse category, in addition 
to the 401 smoking women, were (1) women who were mamed 
at any time to a smoker. (2) women exposed by family or 
friends or exposed in nonemployed activities; (3) all non¬ 
smoking employed women. 

Although some nonexposed individuals might have been 
eliminated by these definitions, the nonexposed category' as 
defined here is as free as possible from the inclusion of those 
who may have been exposed for longer periods of time. The 
nonsmoking wives were categorized in the following three 
groups based upon the information reported in the telephone 
interviews with relatives; 

1. NX — nonexposed (no known or only minimally ex¬ 
posed) wives 

2. ENE— exposed nonemployed wives 

3. EW — Employed w ives who were assumed to have some 
exposure at work 


tually exposed to cigarette smoke by their husbands and chil¬ 
dren. This reduced the totaUcases of cancer among nonexposed 
women from six to four. 

Because of the small numbers with different types of cancer , 
only the major cancer categories were considered as noted in 
the standard Intemauonal Classification of Diseases: Oral < 140- 
149). Digestive tract (150-159), Respiratory (16CM63). Breast 
(174), Genitourinary (180-189),. Lymphatic (200^209). and: 
All Other Cancer Sites. 

Although specific details on cancer deaths due to smoking 
are not considered in the present study, a comparison was made 
with the nonexposed (NX): the exposed nonsmokers ( ENE and 
EW). and smokers (employed and nonemployedn to provide 
comparisons between the nonexposed. exposed nonsmokers, 
and smokers. 

In order to check for potential bias due to age. the data were 
age adjusted for all cancer causes and for the major categories 
of cancer: oral, breast, lung, respiratory, genitourinary, and 
lymphatic. 

Ill RESULTS 

Analysis of the data in the two by three contingency table 
[(Table II—two categories: cancer cases and noncancer cases 
compared with the three categories: NX (nonexposed wives). 
ENE (exposed nonemployed wives), EW (employed wives)] 


The data were analyzed using the retrospective case control 
techniques described by Fleiss. 24 The “cases** were defined as 
deaths (among nonsmoking wives) due to cancer of any kind 
while the “controls** were non cancer deaths among nonsmoking 
wives. These deaths included cardiovascular, respiratory , kid¬ 
ney. and other noncancer diseases, but excluded traumatic deaths 
such as accidents and suicides. 

The classification of the cause of death as recorded on the 
death certificate was provided by the ICD (International Clas¬ 
sification of Diseases) codes listed on computer printouts pro¬ 
vided by the Pennsylvania Department of Health. The causes 
of death reported by the next of kin were not used since the 
ICD codes are considered more accurate. However, the infor¬ 
mation provided by the surviving relatives was very close to 
the ICD codes when comparison was made between the next 
of kin's report of the cause of death given during the interview 
and the ICD (Death Certificate) disease designation. Details 
on these data will be reported separately. 

In order to be sure that all those classified as having no 
known exposure to carcinogenic compounds of tobacco smoke 
were classified correctly, very close relatives of the deceased 
were located and interviewed if the first interviewee was not 
a close relative, or close relatives were interviewed again to 
obtain greater accuracy in the classification of the nonexposed 
During this interviewing, it was discovered that two women 
classified as nonexposed who died of breast cancer were ac¬ 


Table II 

Deaths among Nonexposed and Exposed 
Nonsmoking Wives 



Cancer 

Noncancer 

Total 

Percent cai 


deaths 

deaths 

deaths 

deaths 

Nonexposed. 

(it: nonemployed 

4 

175 

179 


Exposed. 

(2) nonemployed 

78 

334 

412 

18 9 

i3i Employed 

108 

207 

315 

54 3 

Total 

190 

716 

906 

21 O' 


Chi square for above 3 by 2 main* (2DFl = 72.64 


Chi square evaluations for 2 by 2 comparisons cl DFi 

Odds Chi 
ratio square 


ill vs• (2) 

<Nonexposed vs exposed 
none m pi dyed wives) 

10.2 

29 0 

(lit vs 131 

(Nonexposed vs. employed 

wives) 

22 8 

6P « 

121 vs 13 ) 

(Exposed nonemployed wives 
vs employed wives) 


22 3 

t I t vs 

|i2i - «3>] 

(Nonexposed %s exposed 
nonemployed and employed 
woes j 

15 0 
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showed a Chi Square value of 72.64 w ith 2 degrees of freedom 
\p < 50 : 01 ). 

TabJfc II also shows four different comparisons of the three 
subgroups: 11) nonexposed wives I NX) with exposed nonem- 
ployed wives iENE): (2) nonexposed wives (NX) with em¬ 
ployed wives (EWi; f3> exposed nonemploved wives (ENE) 1 
with employed wives (EW); and (4) nonexposed wives (NX) 
compared w ith the combination of exposed nonemploved w ives: 
(ENE) and 1 employed wives (EW). Th^at^rom Table **£ 
show that exposure to environment^SSBaSoRmoke is asso-^ 



Proportionally far fewer nonsmoking nonexposed wives died 
of cancer than the exposed wives. The comparison of the ex¬ 
posed nonemploved wives with employed wives also showed 
highly significant excesses in cancer mortality among the em¬ 
ployed women. 

Table III shows the mortality from cancer by primary site 
for the three different exposure groups (NX — nonexposed 
wives: ENE — exposed nonemploved wives, and EW — em¬ 
ployed wives) for the major categories of cancer (oral, digestive 
tract, breast, genitourinary, lymphatic, and other sites). There 
were no reported deaths from oral, lung, breast, genitourinary , 
and lymphatic cancer among the 179 deaths within the nonex¬ 
posed women. One death from digestive cancer and three deaths 
from “other" cancers were reported for the nonexposed. Eight 
deaths due to lung cancer were reported among the 727 deaths 
of exposed (nonemployed and employed) nonsmoking wives. 

Figure 1 shows the percentage of deaths due to cancer among 
nonexposed wives, exposed wives (both nonemployed and em¬ 
ployed), and smoking wives. Although smoking wives are not 
considered in detail in the present study, the preliminary data 
are provided here for comparative purposes: 


1. Nonexposed nonemployed wives — 2:2 a c 

2. Exposed (employed and nonemployed):wives — 2 5 5 a c 

3. Smoking wives (employed and nonemploved) — 35.3 c r 

In addition, the data for cancer deaths were age adjusted by 
the standard age-adjusting methods The cancer deaths were 
adjusted to cause distribution of all female decedents in the 
years considered in this study (1975; 1976. 1979. 1980) from 
Erie County based on the data from the Pennsylvania Depart¬ 
ment of Vital Statistics. The results of the expected and ob¬ 
served were analyzed bv the two-way probability based on the 
Poisson distribution and are reported in Table IV. The Poisson 
distribution was used since the nonexposed group had so few 
cases. Table IV shows the results after age adjusting for all 
cancer cases, digestive cancer, and the results for the combi¬ 
nation of oral. lung, breast, genitourinary, and lymphatic can¬ 
cers which appear to be associated with effects of passive 
smoking. 

IV. DISCUSSION 

While many epidemiologists prefer to conduct prospective 
studies, the retrospective study has the advantage of allowing 
one to obtain estimates in a short time. Thus, this type of a 
research provides mortality data related to information on the 
smoking habits of the deceased. 

Because nonsmoking women may be exposed to numerous 
sources of tobacco smoke, this study tried to eliminate as many 
of the sources of tobacco smoke exposure as possible in order 
to more accurately classify women into a “pure" nonexposed 
category. It is probable that persons in this “pure" category 
have Had some small exposures to tobacco smoke during their 
lives, because minimal exposure is difficult to avoid. 

The present study was designed to obtain smoking history 
data on all nonsmoking wives who died during the specified 
years. While it is difficult; if not impossible, to obtain data on 
all members of a population, there is little reason to believe 
that the 23-months' sampling of the 4-year population was 


Table III 

Major Types of Cancer for Nonexposed and Exposed Nonsmoking Wives 


Type of 

cancer 

Oral 

Digestive 

tract 

:.A , 

Respiratory. 

Breast 

Genitourinary 

Lymphatic 

Other 

sties 

Total 

Average age 
at death 

!CD 

classification i 
NX 

140—149 

0 

150—159 

1 

160—163 

0 

174 

0 

179—185 

0 

200—209 

0 

3 

4: 

84 5 

ENE 

0 

28 

3 

14 

9 

8 

16 

78 

71.1 

EW 

0 

38 

5 

25 

14 

10 

16 

108 

67 8 

Total 

0 

67 

8 

39 

23 

18 

35 

190 



Sotr: JCD International classification of disease. NX: nonexposed wives: ENE exposed nonemployed wives. EW employed: wives. 
Total, exposed and nonexposed wives 
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rtn or nrotuxs 

FIGURE 1. A com pan son of mortality rates of smokers, passive smokers, 
and the nonexposed 


Table IV 

Analysis Using Age-Adjusted Values for Cancer 
Sites (All Cancer, Digestive, and Passive Smoking- 
Associated Cancer) for the Three Major 
Nonsmoking Groups 


Disease 

Group 

EXP 

OBS 

Probability 

All cancer 


Nonexposed 

24:o 

4 

0.00002 


Exposed nonemployed 

73.1 

78 

NS 


Exposed employed 

70.6 

108 

0.001 

Digestive Cancer 


Nonexposed 

9.3 

1 

0 002 


Exposed nonemployed 

24.2 

28 

NS 


Exposed employed 

204 

38 

001 

Passive 

smoking- 

associated 





cancer 


Nonexposed 

9 2 

0 

0.0002 


Exposed nonemployed 

35.7 

34 

NS 


Exposed employed 

38 9 

54 

0 1 


biased in the types of cancer deaths that would have occurred 
during these years. Analysis of the data of previous nonres¬ 
pondents showed the same basic distribution of cancer deaths 
as the analysis of original respondents. Therefore, the data 
from this population study are likely to be representive of the 
actual population. 

These data provide evidence that nonsmoking women ex¬ 
posed to cigarette smoke (generated by smoking husbands, 


othcr f smokers in the household,, or in outside activities! has a 
higheE j^&biJity of dying'of-can^blilLkinds ihBn women 
who have no known exposure. tx??cahcefnional it vnif non- 
^smoking B^^unt^yvives with no known exposure to tobacco 
sn»ketft^n^—cmJy 2.29t vs? 25.5* for exposed women 
2nd 35.3% for smoking wli^^Rgw^lr^ 

The data imply that the absence of passive smoking could 
lead to even lower rates of cancer mortality for the total pop¬ 
ulation. Thus, these data indicate that passive smoking is very; 
detrimental' to the Kcal^of^thelonsmoker 

The total proportion of deaths due to cancer for the 401 
smoking and 906 nonsmoking wives in this study is 23 9% 
This result is close to the proportion of deaths due to cancer 
for women in Erie County (21.8%) for the years considered 
in the study as reported in the Pennsylvania Department of 
Health — Division of Vital Statistics. This agreement suggests 
that the data are representative of the total population. 

The observation that the nonsmoking employed wives had 
an odds ratio of 2.2 of dying of cancer when compared with 
exposed nonemployed wives suggests that workplace expo¬ 
sures may involve important hazards in addition to. or apart 
from, tobacco smoke. Over 80% of the employed wives in this 
study were either office workers, in sales occupations, teachers, 
or nurses, who (aside from the nurses) should have had little 
contact with carcinogenic agents other than tobacco smoke 
The doubling of the rates of cancer for employed women cornt 
pared with nonemplOved women are in agreement with the data 
of Rcpace and Lowry 25 and the estimates made by Wells. 26 It 
may be that work place passive smoking exposure is higher 
than at home. Another possible explanation is that the env 
ployed wives may receive additional tobacco smoke exposure 
from smokers at home such as from their spouse, i.e . their 
husbands may be more likely to be smokers or heavy smokers. 

Also of interest is the observation that only 8 deaths due to 
lung cancer were reported among the total of 727 passively 
exposed nonsmoking wives. Thus passive smoking does not 
result in large numbers of lung cancer cases when compared 
to active smoking. This difference is in agreement with the 
results of several studies by Hirayama, 10 Tricopoulos et aK." 
and Correa et all 12 showing two- to threefold increases m lung 
cancer for exposed vs. nonexposed wives and a much: larger 
increase for smokers. In addition, a study by Millfcr* on the 
Amish — a nearly completely nonsmoking population — showed 
no lung cancer cases among either malfe and female nonsmokers 
for the Lancaster County . Pennsylvania. Amish for the 1970 
to 1980 decade. 

There were no reported deaths from lung cancer, breast 
cancer, genitourinary, or lymphatic cancer among wives with 
no known exposure to tobacco smoke among the total of 179 
deaths in the nonexposed category. This contrasts with the 
distribution of cancer mortality for women in the general 
population! of Erie County for the years under; consideration 
lung cancer — 12.7%: breast cancer — 20:7%. and' iym- 
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phatic cancer — 8.77c. These Erie County percentages of 
cancer causes by site are dose to the national averages. Thus 
it appears that the types of cancer reported in the nonex- 
posed group are very different from the types of cancer re¬ 
ported for both passive smoking and active smoking groups. 
While it has beeni shown that passive smoking causes some 
lung cancer cases, the amount is small compared with that 
of those who smoke. 

Whether or not breast cancer is caused by active or pas¬ 
sive smoking has become a controversial issue. Previously, 
it. was thought that breast cancer was not active-smoking re¬ 
lated. For example, no editions of the U.S. Surgeon Gener¬ 
al's Reports from 1964 to 1989 show any subsections de¬ 
voted to active smoking and breast cancer However, the 
Bibliography of Smoking and Health and Index Medicus 
provides reports of many studies on the topic of smoking and 
breast cancer. The most recent studies appear to be equally 
divided between those concluding that there is no overall 
positive association with active smoking and breast cancer*' 1 ' 
and those that conclude a positive and. in some cases, a sig¬ 
nificant association between active smoking and breast can- 
cer, 3: ~ 15 

It has been only recently that studies have taken into account 
the potential effect of passive smoking and its possible asso¬ 
ciation with breast cancer. Two of the most recent studies were 
completed by Sandler et al. 36 and Horton. 37 Two other major 
cancer categories have been reported as being associated with, 
passive smoking exposure — lymphatic cancer, by Wells: 26 
and cervical cancer, by Slottery et al. 38 The data from the 
present study agree with the studies noted above. 

The possibility of passive smoking being associated with 
cancer sites was also verified by the highly significant values 
obtained after age adjusting for total cancer, digestive cancer, 
and the combined passive smoking-related cancer sites (refer 
to Table IV). 

Since many studies during this decade have come to the 
conclusion that breast cancer is not smoking related, this new 
data might appear to be questionable. However, past studies 
failed to allow for such passive smoking categories as employed 
women and others smoking in the household. Therefore, the 
results of the NPSSH study should provide a more accurate 
estimate of passive smoking exposure. 

A recent article by Bailar and Smith, 39 pointing to the 
continued increase in cancer mortality despite our apparent 
gains in early identification, as well as improvements in the 
treatment of cancer, shows that cancer is still increasing in 
the population. lit may be that the cumulative long-term ef¬ 
fects of both passive smoking and active smoking are con¬ 
tinuing to have an impact on this increased cancer mortal¬ 
ity. These issues have important implications for both the 
home and the workplace. 

More research is needed to validate these observations. 
New studies require: 


1. Better estimates of exposure to passive smoking The 
nonsmoking category should exclude employed women, 
women exposed at'home by individuals other than their 
spouse, and long-term exposure in outside nonemploved 
activities, as well as exposure at home by their spouse. 

2. Long-term exposure information — preferably a mini¬ 
mum of 3 decades-to-lifetime exposure. Studies involv¬ 
ing a few weeks or months or evem a few years of 
exposure are inappropriate for an analysis of the true 
long-term impact of passive smoking: 

3 Large enough samples to provide valid data 

For comparative purposes with the results of this study, the 
author would like to see more population studies instead of 
nonrandom or nonpopuiation based samples in order to over¬ 
come the biases that are inherent in these types of sample 
designs. 
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Lung Cancer in Women in the Niagara 

Region, Ontario: A Case-control Study 

ERIC J. HOLOWATY* M.D«K.R.C.P.C. mjeg, m HARVEY A. RISCH, M.D* PH D..* 
ANTHONY B, MILLER, MB., KJk.CJ*./ J. DAVID BURCH. \U ‘ 


A ease-control study of the etiology of lung cancer in 
women was conducted in the Niagara Region of Ontario, 
because of local concerns about a high incidence of lung 
cancer. 51 female patients with, lung cancer und 45 
mute he d controls w ere interviewed Information was col¬ 
lected about active and passive smoking-, occupation, and 
residential history 

There woa a strung ussoaatibn\herween active cigarette 
smoking and lung cancer (evtrthevrr odds ratio 10.0; p < 
.001) and85% of the coses of'lung cancer were attributed 
to active cigarette smoking. No other factors w ere signifi¬ 
cantly associated with lung cancer: there u as weak evi¬ 
dence of an association , between urban environment during 
childhood and lung cancer fp ■ 0 07} Associations 
between lung cancer and air pollution. and residential his¬ 
tory, were not demonstrated, contrary to public perception 
Thus, a previously reported excess of lung comer in 
Niagara females is most likely attributable to cigarette 
snioking. 


Une ttndede cos conrrdlte sur Vitiologie du concer da 
pounwn c he: hi femme a tit violate dans la rtgion de 
Niagaro /Ontario) en raison des prtoccvpotions locales 
louchant-Tincidence tlevte de cette tnoladic dans la 
rtyion 51 poticntes atteintes d un cancer du poumon ef 45 
sujets rthtoin* out fnit ! objei d ittie entrevue. Des donates 
ont ett ret ueil/irs sut la consommotion active et.passive dc 
iabac . /' occupation et le lieu de residence des patientex ei 
des sujets remains. 

La consonwipnon active de cigarettes a ett fortemen: 
associte an earner du poumon (rapport t ousommutton 
amtrieurelducune consummation de 10,0; p < 0.001 ) ct 
85ft des eas de cancer du poumon ont tit anributs d In 
consummation uaive de tahac Ahum autre facteur tia tic 
ossocit de fa$onsignificative on cancer du poumon; un 
faible indict d' association entre la rtsidtnce en milieu 
urbain pendant l enfance et le cancer dit poumon a ttc 
consrart (p • 0S)7). Contrairemem 6 I opinion genera le 
rtpandue. aunme association na pu itre ttoblie entre le 
cancer du poumon et la pollution aimosphtrique ou le 
milieu de rtside nee. La prtvalence tlevte du cancer dtc 
}x>umon che: les femmes de la rtgion de Niagara signdlte 
par le }>asxt est done vraisemblablemenr attribuable d fa 
consommotion de cigarettes. 


I n 1984. an cxploratory study of cancer mortality in the 
Niagara Region of Ontario (Figure 1 1 reported a statistically 
i: significant excess ofifatal 1 lung cancer in Niagara women (but 


• \ Tut D r! *nC SHiifsik'*. Tiw C-v.iriu C^ncitr,t re»Mr.up,i *n«l 

Htwarvh Fm*rKkiUr*n. ar.d civ Dfpanm#n: ellFrovnt..* MjJcciim tml 
» L'ftivOfvH. cw'Tom>un Tnmmt, Ontcirco 
2 Narmnu: Cancer IbMi'cie wl Crr'ad.c I nil. «f:Preferlive 

V.dncmc #nd &io»Mii»r.cv Lrivermy r» Tensiw. "r.“.»«»n*. Oniu*»o 
1 Dcrtnmcni. o'.Preventive viejicnw m'ki i:on»nwu:*. tcwve»vi> of Toronto. Totwmi*. 

O'VB' rfV 

4: Amhur jvi ,. t><> e'iu,n*tr'>, r rriHtnt i concu> 0 »won o( fcpmlcfifunlhi) anti i 
S , w*-v\« The Om.ino C»ncrr Trojimcr: anfi Rt.e.if.t* Knui'tfatmi*. 7 tk erle* 
fiijulcvafj. Titmrmn. Or.ii.imn. mam ;i i-\j* Ptions M!tn 
T>«« Te»surrh \tj\ vuDpcrvd bv fund* from me N«upn.* CVwei ln«4ii jIc of C*n»da *:uj 
: rue Saiiore; n»a‘m Resemeh imd Devciopmcnc Progr.m 
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not men), compared with all Ontario women, over the interval 
1976 to 1981/ Because of local concerns about this excess. 1 a 
case-control stud> of the etiology of lung cancer in Niagara 
females was initiated by the Niagara Health!Services 
Deportment in 1984. 

Tobacco smok mg has been eleArly established as the major, 
cause of lung cancer in both sexes in North America. Over 
40.000 reports and papers have been published about this 
association/ * including over 40 case-control studies andi at 
least S cohort studies. Most lung cancer in men; and an appre¬ 
ciable proportion in women.,is attributable to cigarette smok¬ 
ing (Table I). 

Vol. 82, September/October 1991 


Source: https://www.industrydocuments.ucsf.edu/docs/szpxOOOO 


2023513237 





Most or the anuKtu' tpicleiuiolbgic studies of the associa¬ 
tion'between smokinc and lung cancer have been conducted in 
densely populated urban arcus: tew have been conducted in 
less densely populated l.tms such as the Niagara Region.* 

Evidence supporting a causal association between lung can¬ 
cer and occupanon fanly strong for certain occupations and 
substances, including underground hematite mining, nickel 
re 1 1 nmg. uranium mining, soots and tars, asbestos, arsenic and 
chromium. 1 Evidence is suggestive for several!other sub¬ 
stances and^ occupflnor.ui! groups. ’ There is also suggestive 
evidence of an association between lung cancer and passive 
smoking 

Evidence concerning a causal association between air pollu¬ 
tion and lung cancer i> weak and conflicting;- * but air pollu¬ 
tion remains plausible as t cause of lung cancer” because: 
(a) there is an urban factor for lung cancer that may not be 
completely explained by smoking habits and occupational 
exposures:'-' 0 (b) there is strong evidence from occupational 
studies that prolonged and heavy exposure to certain airborne 
substances (e.g. soot. ur. benio(t)pyrcne, asbestos, vinyl 
chloride) may, cause lung cancer;’** and (c) there is weak evi¬ 
dence from ecologic and other observational studies suggest¬ 


TABLE 1 

Population Attributable Risk Percent'* for Cigarette 
Smoking and Lung Cancer for Women and Men from 
Case-control and Cohort Studies 


PAR% 

Study population 

Women 

Men. 

(years of enrofrrem ± foHbw up) 



U.S A - l control’ 

25% 

84 

U.S.A -1959/72 cohon " 

?6% 

83% 

UX physicians 193 1/7?cohort’"* 


92% 

Japan r 1963/74 cohort ’ 

24* 

72% 

Wcitcm Europu - 1976/80 -control M 

4 

85% 

England - 1977/82 cnsa-coniror 

7.V* 

89% 

Lo» Angdcv- 1981/82 caie-comru]‘* 

7 yi 

- 

Weatcm N.V. Stale - 1980/W ttic-comrol” 

7 i%: 

58% 


ing a quantitative relationship between ambient air pollution 
levels and lung cancer.'"* 

We report the findings of a case-control study about the 
possible dialogic association between the above factors (i:e. 
tobacco smoking, ambient air pollution; passive smoking and 
occupational exposures) and lung cancer among female resi¬ 
dents of Niagara Region. 

METHODS 

Female residents of Niagara who were newly diagnosed with 
primary limy cancer between January ). 1983 and March 31. 
I9K.V and who were under 75 years of age at diagnosis, were 
eligible. Gases were identified! throughichart reviews at 7 of 9 
public hospitals in Niagara;(two hospitals refused to parties 
pule), and at the major referral I hospitals in Toronto. 72 eligible 
caxes were identified. Of these, attending physicians refused 
permission to contact 3. 6 could not be located or had moved 
out of the region, and IT refused to be interviewed; Thus. 51: 
cases, representing 71 r V of eligible cusc* identified lor thiv 
study, were intervievvcdj Of those coses participating in the 
study, histologic confirmation was available for tSHTr 145/51). 

At the time of interview. 53 r * (27/5ID;of cases were olive. 
In the event of dtath. ncxt-of-km were imen-iewed 

Female controls were randbmty selected from the municipal 
assessment lists for 1983 und 1984. They were individually 
matched to cases on the basis of age (wiihin 4 years), and 
municipality of residence at one year prior to the date of diag¬ 
nosis of the corresponding case. Matching on municipality 
(i.c. city., town, township) was necessary because 2 of 9 public 
hospitals in Niagara refused to participate, leading to substant 
tint under-enumeration of cases from certain municipalities. In 
the event that an eligible control could not be located or 
refused to participate, a second eligible control was selected in 
the same manner as the First. 

Of 97 potentially eligible controls selected. 20 (2Hf ) could 
not be located or had moved out of Niagara Region. Of the 77 
eligible controls contacted. 45 (5K^.) agreed to participate in the 
study. All controls were alive at the time of interview, bui one 
was mo ill to be imerviewed. and a proxy was interviewed 
instead; 
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TABLE II 


Age-adjusted Odds Railbs for Lung Cancer In Niagara 
Women tn relation to CigareUe Smoking Status 


Clf went Smokinn Suiu<* 

Od<NRrhn(95* Cl) 

Number of 
C*Mi/ComrnU 

Ntvcr smoker 

to 

5/27 

Ev cr smoker 

10.0 (3.5-42.) 

46/18 

Ex-smoker 

1.6 (0.28-9.0) 

6/t0 

Current smoker 

35.0 (7,5-340.) 

40/8 


« Sutui bi orw: year prior to dklt of diagnoti* of Cite 


Cases and controls were interviewed in their own homes by 
an experienced interviewer* using a standardized question¬ 
naire. Information was collected on lifetime residential and 
occupational history, lifetime tobacco smoking history, expo¬ 
sure to passive tobacco smoke, personal and spousal exposure 
to occupational substances and suspect industries, and various 
socto-dcmographic variables. 

Statistical! analysis, wai conducted mainly by multivariate 
logistic regression modelling Subject matching used in the 
design was preserved in the analysis. Because 6 of the cases 
could nor be individually matched to controls, they were 
matched to controls within existing matched pairs to create 6 
matched triplets. The PECAN computer program/' which per¬ 
mits analysis where there is a variable number of subjects 
within each matched set. was used to derive conditional maxi¬ 
mum likelihood estimates of the parameters. Because of the 
relatively small! number of subjects in some of the exposure 
categories confidence intervals were calculated u.vine the Ihg 
likelihood-based procedure.* 

RESULTS 

SodO’iU'i'iopaphic Variables, 

As expected, there was no significant difference in nge. 
comparin: cases with controls. The mean age (at diagnosis) of 
cases wa* 60 8 years and the mean age of controls was 60.4 
years. Curunt annual family income, marital vtatu> and reli¬ 
gion i were Uiund to be comparable between cases and controls. 


TABLE IV 

Adjusted Odds Ratios for Lung Cancer, in relation 
to Passive Smoking 


EaPOnjic* 

CkWvRaito*t93 r 4Ct) 

Number of 
C»w 'Control! 

Anyone m ,jm: household 
ever v.i,v<d 

3:6 <039^*.) 

46/33 

Mother c\ rr vmaked 

0 76 (0 06-8 3) 

7/5 

Fiiher eu-r vnokeri 

0.67(0.15-2 7) 

19/23 

HuriwmJ %H-«rsmok£d$ 

1.04(0.27.4.1) 

36/23 

Ever ciptv»ri! in workplace | 

0.57 (0.1) -2.7) 

14/12 


•ilaius Hit dale of diagnoiia of c**c. 

iih ad/i.-imem for lifetime consumption of clgartuen (p*ck->eanOJ and 
using “fv sex" category at b**clinc. 

Int-ter.married tubjecn were excluded. 

|«uhjcct- is hivhad never worked outride of the Ktxite wm e*eluded 
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TABLE III 

Trends in Age-adjusted Odds Ratios for Lung Cancer, 
in relatlbn to Smoklhg Exposures considered 
as Continuous Variables 


Commuous Smoking Variables* 

Odds Ratio* (957( Cl). 

Duration smoked (per 10 year*) 

Avenge frequency (per 20 cig*r»uei/cUy) 
Current frequency (per 20 c)garcue»/da>) 
Lifetime consumption (per 20 pack-year*) 
Age ■Lartad smoking^ (per ID years) 

Yean lince quilting (per 10 years) 

1.97(1148-3.1) 

23.0 (5.6-190.) 

11 (3.2-27.) 

6.7 (2.6-32.0) 

0.54 (0.25-1.10) 
a 16 (0.028-0 48) 

•aiaius ai on* year nnor to date of diagnosis of case, 
tconrtpondmg to tne unit of change specified for each variable, 
tat ad juried for average frequency (cig^day) 


Active Ciserene Smoking 

Cigarette smoking was strongly associated with risk of lung 
cancer in Niagara women (Table !1). Strong risk gradients 
were seen when tobacco smoking was represented by continu¬ 
ous variables (Table III). 

Ex-smokers (defined ts smoker* who quit smoking at least 
one year prior to the date of diagnosis of the case) had a risk of 
lung cancer significantly less than current smokers (OR * 0.05; 
95% CJ = 0.002-0.30). In comparison to non-smokers, ihcu risk 
w*as elevated, but this finding was not statistically significant 
(OR ■ 1.6; 95% Cl « 0.2S-9.0)i For ex-smokers, their risk 
decreased with increasing time since quitting (Table III). 

Population attributable risk (PAR) was estimated for 
cigarette smoking, using lifetime consumpiion (pack-years) 
and assuming a monotonic multiplicative model.'” The esti¬ 
mate of PAR was 85%, mostly due to current smoking (80%); 
rather than ex-smoking (5%). 

Passive Smoking (Environmental Tobacco Exposure) 

Overall; 90% (46/51) ot cases and 78% (35/45) of controls 
reported some pnst exposure to passive tobacco smoke in their 
homes. After adjustment for personal lifetime cigarette con- 


TABLE V 

Adjusted Odds Ratios for Lung Cancer in relation to 



Residential History 


Residential Hisiory* 

0<ki< Rilttn? (93% Cl) 

Number of 
Cates/CorurpU 

Duration Itxtd iH Niuga 

ra Region 


<40 year* 

1.0 

22/28; 

>40 year* 

6.1 (0.96-102.) 

29/17 

cont.J (per 10 yearn) 

1 21 (0.82-2.4) 


ChUdhond rrsfttrncr 
coumry/wnail town 

10 

20/29 

Urge town/cm 

7 H (0.62-98.) 

31/16 

Ailith ReufinitY 

country /small to«m 

10 

U/16 

large town/tit) 

2.3(0.49 13.7) 

37/29 


•tiaius as ofiotw year pnnr in djie Df di:ipno*jv 
tincluding adjustment for lifetime cigarette consumption (pack-yewr*) 
$eomlmuH»a variable, wllhOR comvponding to the unit of change apect- 
f«*d 
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TABLE VI 

Exposure to A Priori Suspect Occupations 



1 

1 

Sutpeci Induvirlfi 

Spouses of 

Study Sublet* Study Subject* 

CWiComrob C*m/Coiirol« 

Study Subject* 
C»*e*/ConiroH 

Spoutcv of 

Study Subjects 
Cucs/Controli 


1 Asbestos: mining. Mfj or Use 

0/1 


19. Milnttntncc Work/Sup'i: 

l/l 

4/1 

2. Asph*UP*vmf 


33) 

20. Newfcpnmer: 


1/0 

3. Be»u;icun/Hiirdtei»ct 

t/1 


21. Nickel Refinery 


4/6 

4. Beryllium Mining 



22. Painter/Flint Ftciory 

0/1 

2/1 

3. BrickUyer 


2/1 

23. Pirnst»c« Factory 


l/l 

6. Cer»mic/Bn»mel Produce 



24 Rubber Mfg. orU^e 



7 Chemical Industry 


2/3 

23 Sheer Men! Work 

1/0 

3/2 

8. Chromium Mining or Mtg 

1/0 


26. ShlpYird 


5/0 

9. Cobuli Mininc/Refmmg 



27. Soap Factory 

1/0 

m 

10. Coke Oven Worker 


0/1 

28. Steel Industry 

g:; 

4/3, 

11. Conduct ion 


6/6 

29. T*lc Minutftctcrt 



12. Copper Minmg/Smelicr 


im 

30. Textile Products 

4/1 


13; Dentil Tcchniciift 



31. Transport Industry 


m 

14. Fire Brick Pl*m Worker 


1/0 

32. Unnium Kilning 


0/1 

13: Fum»ce Boiler Woii 



33 Wearing Hem Protective Ocnhinp 


2/0 

16. Gnricc,Filling Sutlon 
i 17: Iron Mining, 


4/4 

34 Woodworking 

33. Zinc Mining 



18 Lriundn/Dry Cl*ani5'.g 

0/: 






sumpuom there was■ insufficient stanvtical evidence support¬ 
ing an association betweenitobacco smoke in the household 
and 1 lung cancer (OR 3 3.6: p = 0.24). Further, there was no 
association between lung cancer and having a mother; father 
or husband'who smoked in the same household (Table IV). 
Passive smoking in the household wa» also examined in terms 
of duration (years) that each subject reported exposure a 
olvild, and as an adult: Neither exposure wav significantly 
associatedWith risk after adjusting for active smoking. There 
was no evidence that,passive smoking exposure in: the work¬ 
place was associated wnh lung cancen 

Enrn anmenutl Exposure and Residential History v 

Because of the abscncrof a more direct measure of expo¬ 
sure. residential history was used us a measure of exposure to 
ambient air pollution, and to the more important industrial 
point sources of air pollution in Niagara Region. 

There was some evidence of an association between long 
duration of residence in Niagara (40 years or more) and risk of 
lung cancer (OR * 6.1: p * 0 06), but there was insufficient evi¬ 
dence of a risk gradient (p - 0.32) {Table V). There was evi¬ 
dence ot a statistically significant interaction between smoking 
(pack-years) and duration lived in Niagara-(p ■ 0.03). When: 
this interaction term (pack-years X years lived in Niagara) was 
included in the model l there w as no change in the eitimatcd 
effect of the primary variable pack-years, but the estimated 
effect of the primary variable “duration lived in Niagara'* 
reversed (OR = 0.88 per 10 years lived in Niagara: p ■» 0.68). 

There was weak evidence of an association between urban 
living in childhood! (prior to age 21) and lung cancer, after 
adjusting for lifetime cigarette consumption (Table V). This 
association did not change appreciably when the model was 
adjusted for adult residence or duration lived in Niagara. 

A significant association was not found between adult 
urban living and risk of lung cancer (Table V). The effect wax 
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further weakened when the model was also arijusud for child¬ 
hood residence (OR = 114; p» 0.74). 

Twelve major point sources of air pnlluiton were identified 
in or around Niagara, including sources in Harm I: an. Buffalo' 
and Niagara Falls. New York.’ M , ‘ No significant association: 
whs found <p - 0 65): between lirng cancer and distance of res¬ 
idence (one year prior to diagnosis) to the nenresr point source 
(3 levels: < 2 km; 2-4 km: > 4 km). When distance wos exam¬ 
ined as a continuous,variable, there was also no statistically 
significant association (OR * V.C4 per kilometer, p * 0.74). 
Residential distance 10 years prior to diagnosis also showed 
no evidence of an association with Urns cancer. 

0< nipatioitnl Factors 

No risk was associated w ith employment out>iue the home 
(OR = 0.57; 95% Cl - 0 06-4.05). or with exposure to dust 
or. fumes, in the workplace (OR * 0.92: 959f Cl * 0.24-3.4): 
Concerning employment in 35 a priori suspect occupations 
(Table VI). there was no association between any of these and 
lung cancer. Concerning exposure to any of I ] a prion suspect 
substances (Tabic VII). no statisiicully significant associations 
were found! The occupational history of spouse* whs nUo 
examined: but there were no statistically significant associar 
lions with lung c oncer. 

DISCUSSION 

A number of caveats should be considered before conclu¬ 
sions are drawn,fromi this study. First, because of the small 
study size, power considerations set some limitations on the 
identification of important differences between cases andcon- 
trols. For example, in a study of this size, the power in detect¬ 
ing a statistically significant (i.e. ex » .05 two-tailed) two-fold 
difference in risk is 3B%: the power in detecting a three-fold 
difference in risk is 73%. For this reason, the confidence lim¬ 
its of the estimates of effect Arc wide. This limitation is likely 
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TABLE MI 

Exposure to A Priori Suspect Substances 



Suspeei Snbiunce* 

Study Svbjtcu 
C**£*/Conirol* 

Spoute' of 

Study Subject* 

C«e* /Control* 


Stud) Subj^cii 
Cawu/ControU 

SpOUtCk ol 

Study Subject* 
Cxm/Comro;* 

1. Arsenic 

0/0 

0.0 

7, Methjnol 

0 JO 

00 

2 Asbestos 

o/i 

2/2 

i Polycyclic Aromatic Hydrocarbon* 0/0 

0/0 

3. BCME/CMME 

0 /0 

0 !Q> 

9 Ridtoaciivt Mitcrul 

0/0 

0/2 

a. C4*l/Ch*rcCAl 

0/1 

2/5 

10 Silica 

o/l 

2/1 

3. Cel lar 

ao 

2 a 

11. Talc 

1/1 

2/1 

6. O D T. 

0/1 

\a 





to be a problem in mott studies evaluating rather localized 
concerns, and does not necessarily prohibit such studies. 

Second, because only 71% of eligible cases and 58% of! 
located controls participated in this study, the results cannot 
easily be generalized to the total female population of 
Niagara. However, there were no significant differences in 
age or histologic type of lung cancer, comparing participating 
cases with all eligible cases.* Unfortunately, there was no: 
information.about smoking habits tor other possible risk fac¬ 
tors) for non-participating cases. 

Comparison of study controls with women 45 to 74 years of 
age who were interviewed in Niagara's Community Health 
Survey in 1985/ demonstrated that the study controls had less 
formal education, and a higher proportion were marriedi had 1 
U.K. ancestors and were currently working. Also the proportion 
of ever smokers was somewhat lower in study controls than in 
survey females (40% vs. 49%).' This difference could have 
inflated the estimate of the smoking effect somewhat, but it iv 
unlikely to have altered the main conclusions of the study. 

And third, because of ihc retrospective recruitment of most 
cases, approximately huh of eligible cases were deed by the 
time of the interview. These subjects were retained m the study, 
and proxies were imeruewed instead. Recent work*-' on the rch* 
ability and validity of respondent information in a case-control 
study of lung cancer suggests; that good agreement can be 
expected between provie^ and cases in terms of basic smoking 
status (i.e . never, ex-, cunent), and daily frequency of smoking. 

In spite of the foregoing considerations, there is good evi¬ 
dence of a strong association between cigarette smoking and 
lung cancer in Niagara women. The point estimate of the effect 
of ever smoking (OR ■ 10.0) ik among the highest reported val¬ 
ues associated with ever smoking, in women. Similar risks have 
been found in the much larger companion study of the NClC 
Epidemiology Unit, conducted over a similar period" and in a 
recently published cohort study. 4- There is evidence that women 
are now smoking more intensely, and for a longer duration, 
than in years past, thus, it is not surprising that the risk in smok¬ 
ing women is now similar in magnitude to the risk reported in 
smoking men from earlier studies.'" It is likely that these high¬ 
er risks now being reported for women will continue to be 
found m the future. 

The PAR estimate for lung cancer associated with cigarette 
smoking in .Niagara women was 85%. Thiv estimate wav higher 
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than that derived from previously published studies (see Tabic 
I), Most of this PAR was associated with current smoking 
(80%), rather than ex-arooking (5%). There can be little doubt 
that most lung cancer in Niagara women is now attributable to 
active cigarette smoking. 

There was insufficient statistical evidence from this study to 
support a strong association between lung cancer and other 
study variables, including passive smoking, environmental 
exposure, resident ml i hi story and occupational factors. The pres¬ 
ence of an -‘urban factor’*, at least for the childhood years, was 
'Ugeested in this study. However, it is known that urban living 
is associated with nn earlier age of onset of smoking.“* It is 
possible that we were unahle to control completely for the 
smoking effect when studying this “urban factor*. 

Contrary to popular perception.‘ there is lmit evidence that 
general ambient nir quality is poor in Niagara Region, com¬ 
pared with other urbun and semi-urban areas in Ontario. In 
terms of the Air Pollution Index calculated fur, nine cities in 
Ontario, St. Catharines and Niagara Falls report the lowest 
average levels." Both St. Catharines and Niagara Falls are con¬ 
sidered by the Ontario Ministry of the Environment to have 
good ambient air quality, although local problems have been, 
identified over the years. -lJ ’ 

Irv terms of local sources of pollution, distance of residence to 
the nearest industrial point source of air pollution did not appear 
:o be related to risk. Small study size precluded analysis of indi¬ 
vidual point sources. Distance lo the nearest point source may 
not be the best indicator of environmental exposure, either, as it 
fails to take into account wind direction and other climatic vari¬ 
ables. 

Matching cases and controls on municipality of residence 
may have resulted in. over-matching on distance to the nearest 
point source of pollution. Atmospheric concentration of particu¬ 
lates emitted from industrial point sources decreases logarithmi¬ 
cally with distance from the source, with highesti concentration 
wiihin 2 km. of the source, and with level* reaching back¬ 
ground values at 4-5 km. from the source/* In this study. 38% 
(37/96):of subjects lived within 2 km. of the nearest industrial 
point'source. 36% (35/96) lived within 2-4 km., and 25% 
124/96) lived more than 4 km. from the nearest point source. 
Thus, there was good variation in the djsiance of Niagara sub¬ 
jects to point sources and no real evidence of over-matching on 
this variable. 
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The previously reported excess of faial lung cancer in 
Niagara females’ is most likely attributable to active cigarette 
smoking. This study failed to demonstrate a strong association 
between air pollution, or residential history and risk of lung 
cancer. 
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Indoor Air Pollution and Lung Cancer in Guangzhou, People’s 
Republic of China 


QingLiu, 1 ‘ 2 Annie J. Sasco, 23 Elio Riboti 2 and Meng Xuan Hu’ 
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A case-control study comprising 224 male and 92 female incident lung cancer cases 
and the same number of individually matched hospital controls was conducted from 
June 1983 to June 1984 in Guangzhou, People’s Republic of China, to evaluate the 
association between indoor air pollution and lung cancer risk. Guangzhou residents 
were exposed to several sources of pollution in their homes, most importantly to 
cooking fumes. Increased hsks were found among subjects living in a house without a 
separate kitchen (the exposure odds ratio was 2.4 (95% confidence interval (Cl) 1.4- 
4.2) for men and 5.9 (95% Cl 2.1-16:0) for women). Similarly, living in a house with 
poor air circulation was associated with an exposure odds ratio of 2.1 (95% Cl 1.2- 
3.8) for men and 3.6 (95% Cl 1.4-9.3) for women. A trend in the association between 
lung cancer risk and factors pertaining to house and kitchen ventilation was observed, 
and a decreasing risk of lung cancer was observed for several Ivaria Wes indicating better 
ventilation, even after adjustment for potential 1 confounders such as education, occu¬ 
pation, living area, smoking, and history of chronic respiratory diseases. No statistically 
significant differences were found between cases and controls for frequency of cooking 
at home, presence of a chimney in the kitchen, or type of cooking fuel. Smoking was 
dearly related to risk of lung cancer in both men and women, and among nonsmoking 
women, exposure to tobacco smoke from their spouses was also associated with an 
increased risk. These results suggest that, in addition to smoking, indoor air pollution 
may be a risk factor for lung cancer. Am J Epidemiol 1993;137:145-54. 


air pollutants, environmental; 
ventilation 


lung neoplasms; smoking; tobacco smoke pollution; 


Lung cancer is the major cause of cancer 
death for both men and women in Guang¬ 
zhou, the main city in the Guangdong prov¬ 
ince of the Peoples Republic of China, rep¬ 
resenting about one fourth of all cancer 
deaths in that city. During the period 1981- 
1984, the crude mortality rates for lung can¬ 
cer in the Guangzhou metropolitan area 


were, respectively, 45 male deaths and 24 
female deaths per 100JXX) person-years (1). 
Although smoking is the most important 
cause of lung cancer (2-4), smoking behav¬ 
ior cannot fully explain the epidemiology of 
lung cancer in Chinese womens in whom 
there is a rather high incidence of lung 
cancer, predominantly adenocarcinoma, de- 
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spite relatively low smoking rates (5-12), 
The male:female ratio of lbng cancer inci- 
dence is about 2 in China (1, 13), even 
though there is a much bigger difference 
than that in smoking rates between menand 
women. In contrast, this ratio varies from 4 
to 10 in Western Europe and is about 2 in 
the United States (13), but with a much 
higher prevalence of current and former 
smokers among American women. 

During the last decade, increasing atten¬ 
tion has been paid to the health effects of 
the indoor microenvironment. Some studies 
have shown a positive relation of passive 
smoking to lung cancer risk (14-18), as well 
as an association with exposure to radon and 
its decay products (19-25). However, re¬ 
search results for other sources of indoor air 
pollution, such as cooking and heating, have 
been rather elusive and inconclusive (26— 
29). The goal of this study was to evaluate 
whether there is any relation between indoor 
air pollution resulting from domestic cook¬ 
ing practices and lung cancer occurrence. 

MATERIALS AND METHODS 

Newly diagnosed cases of primary lung 
cancer (International Classification of Dis¬ 
eases. Ninth Revision, code 162) were se¬ 
lected from eight major hospitals covering 
most of Guangzhou from June 1983 to June 
1984. All cases occurred in permanent resi¬ 
dents of the city of Guangzhou A total of 
327 lung cancer cases were identified from 
the medical records of these eight hospitals 
during that year. It was possible to complete 
an interview for 316 cases (224 men and 92 
women; 96.6 percent). Eleven cases were 
excluded because either they were too ill to 
answer the interview, they could not be 
traced, or they had already died. Fifty-five 
percent of cases were diagnosed by means of 
repeated chest radiographic examinations 
and clinical examination; 13 percent were 
diagnosed by bronchoscopy alone; and 32 
percent of the cases had cytologic or histo¬ 
logic confirmation. 

Controls who were also permanent resi¬ 
dents of the city of Guangzhou were individ¬ 
ually matched' to cases on age (to within 2 


years), sex, residential district (Liwan, 
Yuexiu, Haizhu, or Dongshan), and date of 
diagnosis or hospital admission. Controls 
were selected according to the matching cri¬ 
teria among inpatients of the surgery de- 
partments at six of the same eight major 
hospitals. No controls were chosen from 
either the Tumor Hospital or the Chest Hos¬ 
pital. Patients who had been admitted for 
chronic obstructive diseases of the lung, pul¬ 
monary tuberculosis, malignant tumors, and 
coronary heart disease were excluded. Each 
control was to be interviewed during the 2 
months following the interview of his/her 
matched case. In most instances, the first 
selected patient control was interviewed; 
only for 26 subjects were second-choice con¬ 
trols chosen because of an inability to trace 
the subject or because an individual was 
found to be inadequate regarding one or 
several of the matching variables. No subject 
refused the interview. 

The interview was carried out at the su 
ject’s home by trained epidemiologic work¬ 
ers using a structured questionnaire. All 
cases and controls were interviewed in per¬ 
son. The interviewers obtained extensive in¬ 
formation about the subject’s general de¬ 
mographic characteristics, occupational his¬ 
tory, history of respiratory diseases, family 
cancer history, smoking habits, spouse's 
smoking habits, cooking practices (including 
domestic fuel use), and residence history. 
After completing the questionnaire, the in¬ 
terviewer measured the size of the windows 
and doors that opened onto the outside of 
the building, thereby providing an estima¬ 
tion of ventilation capacity. The ventilation' 
capacity of the kitchen was analyzed sepa¬ 
rately from that of the rest of the dwelling, 
hereafter designated the living area. If the 
subject had lived in his or her present home 
for less than 20 years, the interviewer asked 
similar questions regarding the preceding 
residences and their ventilation conditions. 
In the latter case, given that no measure¬ 
ments were available, the ventilation condi¬ 
tions of previous residences were simply 
ranked as poor, average, or good based'on 
the questionnaire data. Data on up to three 
residences were collected; however, since the 
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TABLE 2. History of occupationaJ exposure and personal and familial history of selected diseases among 
lung cancer cases and controls, Guangzhou, People’* Republic of China, 1983- 1984 


Men 


Women 


Exposure 


No. 

of 

cases 


No. of 
controls 


EOR.T EORj* 95% CP 


NO, 

of 

cases 


No. of 
controls 


EOR, EOR a 95% Cl 


History of occupational ex¬ 
posure 


Nonet 

151 

184 

1.0 

1.0 


69 

78 

1.0 

1.0 


Dust 

20 

8 

2.6 

2.2 

0.78-6.2 

13 

4 

4.3 

8,0 

1.6-466 

Smoke 

23 

12 

2:1 

2.1 

0.89-5.1 

1 

2 

0.74 

0.57 

000-734 

Other 

30 

20 

1.7 

1.6 

0.72-3:5 

9 

8 

1.5 

1.0 

0.26-4.2 

History of pulmonary tuber¬ 











culosis 











Not 

137 

176 

1.0 

1.0 


70 

85 

1.0 

1.0 


Yes 

87 

48 

28 

2.4 

1.3—4.6 

14 

7 

22 

1.3 

0.39-4.3 

History of chronic bronchitis 











Not 

125 

185 

1.0 

1.0 


63 

79 

1.0 

1.0 


Yes 

99 

39 

3.9 

3.0 

1:6-5 5 

29 

13 

26 

0.90 

0.36-24 

Famity history of cancer 











NOT 

203 

216 

1.0 

1i0 


83 

86 

1.0 

1.0 


Yes 

21 

8 

2.9 

0.90 

0.62-1.3 

9 

6 

1,5 

0.94 

0.54-1 6 


• EOR,. matched exposure odds ratio; EORj, matched logistic exposure odds ratio, adjusted f6r education, ,occupation. kv»ng 
area, and smoking: Cl. confidence interval, 
t Referent. 


As expected, the subjects with lung cancer 
showed increased frequencies of occupa¬ 
tional exposure to hazardous working envi¬ 
ronments, a history of pulmonary* tubercu¬ 
losis, and a history of chronic bronchitis in 
both sex groups (table 2). When education, 
occupation, living area, and smoking were 
controlled for, the associations of lung can¬ 
cer with the above risk factors were not 
substantially modified among men. but they 
were attenuated or even disappeared among 
women, except for exposure to dust. In con¬ 
trast. the increased risk of lung cancer asso¬ 
ciated with a family history of cancer, found 
in univariate analysis, disappeared for both 
men and women when we controlled for the 
same variables. Smoking was strongly re¬ 
lated in a dose-response manner to the risk 
of lung cancer in both men and women 
(table 3). Ninety-five percent of male cases 
and 59 percent of female cases had ever 
smoked, compared with 80 percent and 25 
percent of male and female controls, respec¬ 
tively, The exposure odds ratios for lung 
cancer were 6.3 (95 percent confidence in¬ 
ternal (Cl) 2.7-15.0) and 4.9 (95 percent Cl 
2.3-10.4) among male and female smokers, 
respectively. An increased risk of lung cancer 


was also observed among nonsmoking 
women who lived with a husband who 
smoked the equivalent of 20 or more ciga¬ 
rettes per day (table 3). 

Table 4 presents information on the cook¬ 
ing practices of lung cancer cases and con¬ 
trols. Results showed that women bore the 
primary burden of cooking in the family. 
The majority of families cooked three times 
per day at home, and coal was the basic 
cooking fuel used. Questions were asked'on 
the type of fuel used during three historical 
periods (1949-1957. 1958-1976, and 1977 
to the present). Since cooking fuel is rationed 
by the government, there w*as little variation 
in fuel usage among families in Guangzhou. 
Before 1958, most families used wood and 
charcoal. From 1958 to 1976, they gradually 
turned to coal, andi gas was used only after 
1976. Results are presented for the most 
recent period, which is the only one in which 
differences between cases and controls could 
be distinguished. The history of coaliuse in 
Guangzhou was usually longer than 20 
years, and only in the past 3-5 years had a 
small proportion of families changed to pe¬ 
troleum gas as a domestic fuel. Very few 
families used mainlV electricity or kerosene 
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TABLE 3. Exposure to smoking among lung 
cancer cases and controls, Guangzhou, People’s 
Republic of China, 1983-1984 


Exposure 

No. of 
cases 

NO. Ot 
controls 

EOR* 95% Cl* 

Active smoking (pgarette 




equivalents smoked 
per day) among 
men 




Never smokerf 

12 

44 

1.0 

1-19 

21 

93 

1.2 0,43-3.5 

20-29 

97 

66 

7.1 2.6-19.5 

*30 

94 

21 

21.4 7.1-64.0 

X* tor trend - 99.6 

p < 0.001 




Active smoking (cigarette 




equivalents smoked 
per day) among 
women 




Nfcver smokerf 

38 

69 

liO 

1-9 

8 

10 

1.6 0.57-5,9 

10-19 

16 

9 

3.5 1.2-9:8 

*20 

30 

4 

17.9 4.0-80 6 

X* tor trend - 28:0 
p < 0.001 




Passive smoking among 




nonsmoking women 
(cigarette equiva¬ 
lents smoked per 
day by, husband)* 




Not exposedt 

13 

32 

1.0 

1-19 

6 

21 

0 7 0.23-2.2 

*20 

19 

16 

2.9' 1.2-7,3 

X* tor trend - 4.5 

P- 0.034 





• EOR, matched togistic exposure odds ratio. adjusted for 
education, occupation, and living area, companng never smokers 
to present and former smokers combined; Cl. confidence interval, 
ti Referent. 

t Unmatched method was used. 


for cooking. In the kitchens of more than 60 
percent of families, there was no chimney or 
other apparatus for extracting fumes. No 
significant case-control differences were as¬ 
sociated with the above variables. 

Information on the use of cooking oil was 
not formally included in our study. In the 
People's Republic of China, cooking oil is 
rationed by the government-controlled food 
and oil company, and in Guangzhou, the 
main cooking oil used is peanut oil (for a 
short time it was bean oily Rapeseed oiliwas 
not widely available, and we did not expect 
•to find any differences in the types of oil 
being used, because all Guangzhou residents 
are dependent on the same government sup¬ 
ply. 


Analysis of the effect of ventilation con¬ 
ditions on lung cancer risk was conducted 
for housing at the time of diagnosis and 
interview, as well as housing where subjects 
had lived the longest; finally, data were surm 
marized over all residences. The results of 
these analyses were similar (data not shown); 
therefore, this paper presents only the results 
of the analysis for current ventilation con¬ 
ditions. In addition, the proportions of cases 
and controls who had moved during the past 
10 or 20 years did not differ significantly, 
and duration of residence in the current 
housing was similar for cases and controls. 
For most subjects, the current residence was 
also the longest residence. 

Table 5 shows that after adjustment for 
education, occupation, occupational ex¬ 
posure, pulmonary' tuberculosis history, 
chronic bronchitis history', family cancer his¬ 
tory- amount of smoking per day, and living 
area, as well as passive smoking (for women 
only), several variables pertaining to venti* 
lation conditions were strongly associated 
with lung cancer risk. There was increased 
risk associated with having a window or door 
opening from the kitchen directly into the 
living area or bedroom, and for cooking in 
the living area or bedroom. For cooking ini 
the living area or bedroom, the exposure 
odds ratio was 2.4 (95 percent Cl 1.4-4.2) 
for men and 5.9 (95 percent Cl 2.1-16.0) 
for women. Having windows or doors that 
opened in different directions so that indoor 
air could circulate also significantly influ¬ 
enced the risk of lung cancer. The relative 
risk for lung cancer tended to decrease with 
increasing size of ventilation openings in 
living areas and kitchens. For the best ven¬ 
tilated living area as compared with the least 
ventilated, the exposure odds ratio for lung 
cancer was reduced to only 0.14 (95 percent 
Cl 0.04-0.51) for men and 0.02 (95 percent 
Cl 0.00-0.2]) for women. The exposure 
odds ratios for kitchen ventilation were 0.15 
(95 percent Cl 0.05-0.44) for men and 0.06 
(95 percent Cl 0.01-0.32) for women, re¬ 
spectively. The differences were statistically 
significant A similar trend was found for 
the ceilingheight throughout the apartment, 
buti no clear trend was seen for the floor on 
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TABLE 5, Ventilation conditions in the homes of lung cancer cases and controls, Guangzhou, People’s 
Republic of China, 1983-1984 

Ventilation factor 



Men 




Women 


NO Of 
cases 

No Of 
controls 

EOR/ 

f EOR,* 

95% CP 

Nb. of 
cases 

No. of 
controls 

EOR, 

EOR 3 - 

95% Cl 

Separate kitchen 











Vest 

72 

113 

1.0 

1.0 


29 

52 

1.0 

IlO 


No 

152 

111 

2.0 

2.4 

14-4.2 

63 

40 

3.1 

5.9 

2.1-16.0 

Good air circulation 











Vest 

90 

120 

IlO 

10 


38 

60 

1:0 

1.0 


No 

134 

104 

1.7 

2.1 

1:2-3,8 

54 

32 

3.0 

3,6 

1.4-9.3 

Size of ventilation openings in 











Irving area (rn 3 per per- 











son) 











0.0-0 4 T 

47 

46 

1.0 

1.0 


16 

6 

1.0 

1:0 


G.5-0.9 

86 

69 

0.53 

0.39 

0.14-1.11 

36 

23 

0.69 

0.36 

0.09-1.5 

1.0+1.9 

38 

53 

0.33 

0.30 

0.10-0.91, 

22 

24 

040 

0.25 

0:05-1,1 

2.0-39 

22 

30 

0.33 

0.24 

0.06-0.90 

9 

13 

0.24 

0.14 

0.02-0.89 

*4.0 

31 

24 

0.28 

0.14 

0.04-0.51 

9 

26 

0.11 

0.02 

0.00-0.21 

X* for trend 


14.5 (p< 0.001) 



18.0 (p < 0.001) 


Size of ventilation openings in 











kitchen (m 3 per family) 











0.0-0 4f 

79 

41 

1.0 

1.0 


22 

8 

1.0 

1.0 


0.5-0.9 

58 

52 

0.55 

0.77 

0.36-1.7 

27 

25 

0.29 

0.11 

0.02-0.60 

1.0-1.4 

48 

59 

0.38 

0.23 

0.10-0.56 

24 

22 

0.31 

0.13 

0.02-0.74 

1.5-19 

19 

31 

0.28 

0.49 

0 16-1.5 

7 

13 

0.15 

0.09 

0.01-0.63 

*2:0 

20 

41 

0.20 

0.15 

0.05-0.44 

12 

24 

0.16 

0:06 

0.01-0.32 

x 2 for trend 


25.7 (p < 0.001) 



10.3 (p < 0.001) 


Height of room (m) 











<2.8t 

61 

45 

1.0 

1.0 


22 

12 

1.0 

1.0 


2.8-31 

72 

71 

077 

0.91 

041-2.0 

30 

26 

0.62 

0.54 

0.09-1.3 

*3.2 

91 

108 

0.65 

0.64 

0.31-1.3 

40 

54 

0.39 

0.23 

0.06-0.84 

X 2 for trend 



3-5 {p- 

0.06) 



5-5 (p » 

0.02) 


Floor of apartment 











Groundt 

106 

92 

1.0 

1.0 


50 

32 

1.0 

1.0 


1 

77 

78 

0.85 

0.79 

040-1.5 

23 

34 

0.30 

0.12 

0.03-046 

2+3 

27 

34 

0.66 

0.88 

0.36-2.1; 

14 

22 

0.29 

0.11 

0.02-0.54 

24 

14 

20 

0.59 

0,62 

0.20-1.9 

5 

4 

0.56 

0.72 

0.07-7.01 

X 2 for trend 



3.0 (p- 

0.08) 



50 (p- 

0.02) 



•EOR,. matched exposure odds ratio; EOR*. matched logistic exposure odds rat®, adjusted for education, occupation, 
occupational exposure, history of tuberculosis, chronic bronchitis, famrty history of cancer, smoking, and Wmg area; Ctj confidence 
interval; EOR s . matched togtst® exposure odds ratio, adjusted for passive smo+ung ri addit®n to aM of the variables lasted above, 
t Referent. 
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able on a scale smaller than the district. We 
knew that separation of the effects of out¬ 
door air pollution from those of indoor air 
pollution might be difficult. This led us to 
match on residence as a proxy for matching 
on outdoor air pollution level. In addition, 
our results, demonstrating a clear reduction 
in risk of lung cancer for living in a house 
with large openings onto the outside, indi¬ 
cate that outdoor air pollution is unlikely to 



explain or confound the association found 
between lung cancer risk and indoor sources 
of air pollution. 

Our results showed that comparability be¬ 
tween cases and controls with regard to basic 
demographic variables w^as good, suggesting 
that these demographic variables might not 
have a major confounding effect. Further¬ 
more, education and occupation, which 
were considered good representative vari- 
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ables of social class, were also controlled for 
in the analysis. 

Since the number of cases in each histo¬ 
logic category was limited, a separate analy¬ 
sis could not be carried out for the associa¬ 
tion of indoor air pollution with specific 
histologic types of lung cancer. Some diag¬ 
nostic error may also have occurred. How¬ 
ever, undifferential misdassification of cases 
and controls usually leads only to a bias 
toward the null and cannot explain the ob¬ 
served results. 

It is possible that some social class differ¬ 
ences between cases and controls could ac¬ 
count for part of the difference in ventilation 
conditions. The finding of a higher risk of 
lung cancer among subjects living at street 
level could be explained by a higher concen¬ 
tration of both indoor and outdoor air pol¬ 
lutants on the ground floor as opposed to 
higher floors, where natural ventilation is 
usually better. Social class, whidvis closely 
linked with housing conditions in China, 
was nevertheless more strongly associated 
with the total surface of the living area than 
was the specific measure of ventilation. Al¬ 
though cases had smaller living areas than 
controls, the difference was not substantial. 
After adjustment for education, occupation, 
and living area, the relation between venti¬ 
lation conditions and lung cancer risk re¬ 
mained. This means that any bias linked to 
social status cannot be a major confounder 
of the observed association. Recall bias can 
affect most retrospective studies; however, 
in this study, the size of ventilation openings 
was objectively measured, so the association 
between ventilation conditions and lung 
cancer risk cannot be an artifact of recall 
bias. 

Smoking was the major cause of lung 
cancer in both sex groups, and a clear dose- 
response relation was observed between the 
amount of tobacco smoked and lung cancer 
risk. High smoking rates were observed in 
both male and female groups. These rates 
were higher than those obtained from a case- 
control study of lung cancer carried out 
among Shanghai Chinese women (IT) but 
similar to rates from other studies (6* 10, 18, 
34): The subjects of this study belonged to 


an older population and had relatively low 
social status (a low educational level and the 
major occupation of worker); These two fac¬ 
tors are known to be associated with' high 
smoking rates (35). Furthermore, the defi¬ 
nition of a smoker in this study included 
both ever and current smokers. For instance, 
if we had counted only current smokers, the 
smoking rate would have been reduced to 
!4 percent in female controls. Passive smok¬ 
ing may also account for some excess risk, 
although increased risk was only observed 
in the women living with husbands who 
smoked heavily. No effect' was seen for 
women married to light smokers. This may 
be explained by the reduced sample size and 
by the imprecise quantification of passive 
smoking. The results of other studies in 
Chinese women have suggested that passive 
smoking contributes to a slight increase in 
lung cancer risk (11, 18). 

Several reports of environmental 1 moni¬ 
toring showed that the concentrations of 
nitrogen oxide, sulfur dioxide, benzo(a)- 
pyrene, and total suspendedparticulate mat¬ 
ter in Guangzhou were higher in dwellings 
than in the outdoor atmosphere and varied 
according to time of day and season (36). 
Three peaks of pollutant concentrations dur¬ 
ing the day were correlated with cooking 
activities. Results of studies also showed that 
there were higher concentrations of sus¬ 
pended dust and suspended benzo(a)pyrene 
in the rooms and urinary benzo(fl)pyrene in 
housewives in households where coal was 
used as a cooking fuel compared with house¬ 
holds where petroleum gas was used (36, 
37). Results of a study conducted in the 
north of China showed that use of coal for 
heating elevated the risk of lung cancer in 
comparison with use of gas. Cooking in the 
bedroom was also related to an excess risk 
(34). High mortality from female lung can¬ 
cer in Xuan Wei County, Yunnan Province, 
was also associated with the combustion of 
smoky coal at home (38). These results in¬ 
dicated that home cooking practices were a 
major source of indoor air pollutants and! 
that coal produced more severe air pollution 
than other kinds of domestic fuel. 

Evidence also comes from the evaluation 



Source: https://www.industrydocuments.ucsf.edu/docs/szpxOOOO 


2023510251 




ss? 


m/m* 


iff 




Indoor Air Pollution and Lung Cancer 153 


of occupational exposure to coa! burning. 
Steel, gas. and coke oven workers have an 
elevated risk of lung cancer (39-45). The 
results of animal experiments have demon¬ 
strated that some components of coal fumes 
are carcinogenic or mutagenic (38» 46, 47). 
Since coal use, frequent home cooking, and 
lack of an apparatus for extracting fumes are 
universal in Guangzhou, it was difficult to 
find a significant difference between any 
population groups. However, this indicates 
that severe indoor air pollution exists for 
most families in Guangzhou, where people 
live in comparatively overcrowded condi¬ 
tions with poor ventilation. Better ventila¬ 
tion of houses could thus play a key role in 
improvement of the indoor microenviron¬ 
ment, and dissimilar ventilation conditions 
could be responsible for different exposure 
levels of lung cancer cases and controls. 
During the study period, there was in most 
houses no artificial ventilation such as air 
conditioning, so the indoor microenviron¬ 
mental conditions depended mainly on nat¬ 
ural ventilation. The area of ventilation (as 
defined by the area of openings to the out¬ 
side) was a good representative measure of 
ventilation conditions. This is in agreement 
with other studies on indoor air pollution 
showing that the concentrations of pollu¬ 
tants are greatly affected by ventilation (19, 
34). 

In summary, the results of this study sug¬ 
gest that indoor air pollution produced dur¬ 
ing home cooking is a risk factor for lung 
cancer in Guangzhou; especially for women, 
who are more likely to be exposed to coal 
fumes and cooking oil vapors in the kitchen. 
This could contribute to the high rate of 
lung cancer in Chinese women. Further in¬ 
vestigations are needed to clarify the precise 
nature of indoor air pollutants and their 
carcinogenic mechanisms. It would also be 
informative to conduct studies by major his¬ 
tologic type, particularly in Chinese women, 
among whom adenocarcinoma is unusually 
frequent. Finally, this study was not de¬ 
signed to evaluate the effect of outdoor air 
pollution; that must be left to future re¬ 
search. In the meantime, our data indicate 
that in Guangzhou, there are sources of in¬ 


door air pollution which play a role in the 
occurrence of lung cancer independently of 
active smoking and outdoor air pollution. 
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A Case-Con xru l 1 S tu4y of Cti laBood and AjioU-cecc Household 
Passive Smoking And the Risk of female Lobe Cancer. 
F-C- Uaj\£». E.J. Lov* (The University of U^«fy. Calgary. 
Alberta. CaXaOa. 77?! 4K1). X.D. Dai (H«iibu* ji an & 

Institute for CAacef Research. Harbin. China)'. 

To evaluate the risk of ftrait lung cancer from 
pa?tivc nwkinK (PS). a 1:1 ®atch*<i case-control study 
conducted in Harbin. Chin*. One bxodrtd and fourteen 
feoales with primary lung cancer. «ged 30 to 69 ran. and 
their heapsta1-baaed control* v«r» interviewed 1 using a 
standard questionnaire. The controls ^r* patients 
Without cancer, from the i«* hospital AS the cases and 
matched on Age (* 5 years), residential area and lifetime 
«okin f _ habit*. Information or. PS *** collected by each 

residence for each of the following period*: 0-6. 7-1*. 

5-21. 23-30'And 31-«? y%ars- 

Thc risk of lmg cancer vat increased for household 
exposure under the age of 1 <- years to maternal making 
(oddt ratio. 0R=2. 7 0. 93ZCI-1- *9-* - Sfl). but not for 

exposure to paternal sacking (QB= li *0 . 93TCI^0.79-2. 50). 
The risk was highest in those exposed under the age of 
seven (OR=3.A6 93TCI=1.60-6.63) and vas also significant 
at ages 7-1* (OJUl.OG. 93101.62-5.57) and 13-22 
(0R*5. 10. 93ZC2-1.32-6.31). The OR JLocreAsed with the 
anount of passive seeking, (P<0:001). These findings 
suggest that PS. particularly. during childhood, increases 
the risk eC female lung cancer and that the assessment of 
?S should be den* by different periods of exposure. 


U' 


A Cw* * Control ScoOY of Idiopathic Pu i^omery Fibre* is (IPT);., 
K . Mva»^*r cnor* . J . C.Stidley iivi Collaborating Cantata' 

("Untvarsity of Krv ntxl Co, *J bu^u^rqu* . NT*. £7131) . Thir 1*1 
a tuldcentc: (16 centers) Csso-control ; rudy chat exauiLnes 
poxantial riak factor* for Iff. * progressive disease tAaci 
jcau^ts pulaorury: Inc*ratitial fibrosis.. TKa ccudy currently 
includes 167 case* and 261 controls: 39% of cases arc a*)* 
and 65* «r« non-dispanic vhix*. hedian Age for cases i* ( 
61.5 years. Tv® controls per case are identlf lied through 
random digit dialing end aatched on gender. ag* and 
Jgeograpbic loeacioo: Telephone int«rvie*i are Comluctecf to I 

collect Information an i*oking. occupational exposure*. ' 
ienvireonantial exposure* cad hoar factor*. Clinical' data j 
jinolude pulmonary function tests. X-ray report; arvd luivg 
jbiopsy rapoTta. Host rtlcrri-d cue* hava been 1 ncervteT^j j 
(2* refusal. 5% deceased); refusal race for controls ha* 
been lo» (9*). Conditional logistic TAgraaaion waj 

performed on 150 »atcb*d aota. Univariate analyse* ««re 
u*td to aelect variable* for inclusion in multlvaxiat* 
models. Afc«r adjustment for residual age effect* la the 
wultivaxlate model, potential causal factor* with odd* 
ratio* (93 percent confidence intervals) are: report**: 
occupational asbestos exposure 2.5 (0.95*6.^9): reported 

occupational «xpoiur* to v c gc Cab 1 a/anicca 1 duiC 2.7 
(0.66-6.27): faming activities 3.0 (1.65-6.10); work Ln a 
chemical or p* trocheaical plant A. 5 ( 1'. 23 i- 16.59) : cigarette 
cooking 1.6 (1.05-3.17); end occurrence of pneumonia at 

lea;ti oner 1.6 (0.96- 2.59)'. The** findings suggest that 
• one coca of IFF may be caused by environmental factors. 
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Exposure to biogenic silioa fibers and respiratory 
health in Hawaii sugarcane verier*. T. Sinks', 31. 
Kar“tle, K. Bocr.igcr, D. Kannino, J. Fernback, h. 
Ravkir.s. C. Crises, X. Watkins, ?- Dill, B. 
Anderson. (KZOSH, Centers for Disease Control and 
Prevention. Cincinnati, OH 45226). Tel: (*04) *£S- 

7350 

Scientists have theorized that naturally 
occurring biogenic silica fibers (BSF) could affec 
workers health in a banner einilar to other 
respirable fibers, such as asbestos. The authors 
conducted a cross-sectional envirorcaental arid i 

medical survey of 35S stale Hawaiian sugarcane 
workers to test this hypothesis. Kore than 120 
personal' breathing 2on« saaples were collected to 
develop a Job—exposure matrix and to categorize 
workers by BSP exposure. Respiratory health data 
included the prevalence of respiratory symptoms, 
pulmonary function, and chest radiograph results. 
The prevalences of respiratory syaptoacs. chest 
radiograph findings, and pulmonary function relate* 
conditions did not differ by &S r -expo^ort category 
Cigarette smoking vas associated with respiratory 
sywptosaa and pulmonary obstruction. Fifteen worker:, 
had pleural thickening or pleural plaques and 3 of 
these workers were exposed to ESF for more than tei 
years. tSF exposur* does not appear to have 
influenced the respiratory' health of the sugarcane 
workers studied by the authors. 

KTYWORDS : occupfct lcr.. r MiV>nn. r , 


Pr<rt t etr on of Lur*^ F-com S^Xiling Oam*c« br Extin^ Futn. D.S. Shecp*. 

B. Aodriguei. £. SHaAixj. C. BurCiftei. L. Hwpng, J.D: Curb <National M«*n. 

Luno end BJooci lorrran*. HoooK/Ki, HI) 

H«3h fhn con«jmprion et c^jracTtrriVc o< m« Japan**e-Am*ric*n men of 
Hor'oiUiw Heart Frerqram 1HHP), Ar^rse; of tJeta from th« ARJC rturdt 
MJ 59 CT XhJT • Hiqn Ftsh irrrakc pnneos rr>* Iwr; igstnr xmofcinq <**rr*ege. 
j McJJwromcfTCS of forced **b«ratorY in 1 (F£V,J and. erroldoq 

! *t*tu* in tf>f HHF cofioa xttow * cro»T-s<cboo») ten ef trti* hypotn*srs. 
Awif £006 men *5-68 yrt in ;36>-6S. 63*6 had acc*pr»btA 

*p«ro^r»rrts^ WrtTiin CXrrTfn! jmtitta. “} &*5 men . c*>n*wrrve«A f/eh . te« Oian 
: twice * w^eJc and 126< *tr tw<r a w*«fc or more. Comroninq for 
<jr r ererresJd^T. ag*. he^ht and eaty, caion* ir»t*ke, »to*rare recrres»w>n 
modefr rrveaiee *d/un*d >*lan coefficientx cf *10.) rrfi FcV, per year of 

smokioc (25% Gorrftdeoc* InTervel: -1C. -7) at k>~ kvm cf frsh inteAe. and | 
-A.* (-6. -0.67 at leJeU. The coeffnberr;* w*r* »79i%Jr<^entJr different 
(C = 0.0031, These differences • pretf^rred FfV, 103 m? higher In Th* 

hiph Hsn proup »i * S yt*rx cl :moWf, but no difference n FEV, rt 25 y«»s. 
SimRar ervames tor oq/day, procuced sejnificanOy differem coeffi c ient s 
<p = 0.047) of -4.2 Ir6. • Z] m I FtV, per C 9 ^*y for k*w fish irrtik* »nd -6-2 
(-S. -*1 tor h'x^h intake. These cantrartwno coeffiCM-rfn Kline to contrxfc: 
the frsn proTeCPon model. *0 -f decrement in f cV, per oq/Cry k> trie 

hi^h frsh irrrake orxKAJ. However. V\c predicred fTV, et 10 cig^day, rs S3 m/ 
hfyner ai di* ftthijrovC. wrm rvo 0iffe«erK:* e-i FEV, noTed berwr-en 

grouas at *0 caj/day. Thrs <*aiu*e acruafl T wpporrs hrVCrtnw*. 

j iUOOOfhrrg m« pnotaOjvnt ro«( of fi*n n 'laruToard' *T h*£ner 'C<ntT~, C*- 
Icrcarerte imokjn?. Thcie fmdsnqx tycoon C\« hrpothejiH That IrecvenTty 
j eauruj fo-H paroaOy prorreu r»« lung from smokery. damepe but trie? *uch 
affects mar i>* loct whh hcjv> smokJog. 
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Active and Passive Smoking and 
Pathological Indicators of Lung Cancer 
Risk in an Autopsy Study 

Dimitries Trichopouios, MD; Franco Mollo, MD; Lorenzo Tomato's, MD; Emmanuel iAgapitos, MD; Luisa Delsedime, MD; 
Xenophon Zavitsanos, MD; Anna Kaiandidi, MD; Klea Katsouyanni, DrM'edSc; Bio Riboii, MD; Rodolfo Saracci, MD 


Objective,—The association between invoitintary smoking and lung cancer has 
been supported by most epidemiologic studies, but a number of authors and inter¬ 
est groups claim that the possibility of bias has not been excluded. Few autopsy- 
based studies have explored the role of active smoking and other exposures in lung 
carcinogenesis, and none has been previously done to examine the role of passive 
smoking. We have undertaken such an autopsy-based study in Athens, Greece. 

Design^—Lung specimens were taken at autopsy from 400 persons 35 years of 
age or older, of both genders, who had died within 4 hours from a cause other than 
respiratory or cancer in Athens or the surrounding area. For each person at least 
seven tissue blocks were taken from the main and lobar bronchi and at least five 
blocks from the parenchyma, including an average of about 20 smaile r cartilaginous 
bronchi and membranous bronchioles. The specimens were examined without 
knowledge of the exposures of the particular subject in Turin, Italy. For 283 (71%) 
of the subjects the preservation of the branchial epithelium was satisfactory for 
pathological examination, and for 206 among them (73%) an interview could be 
arranged with their next of kin, focusing on smoking habits of the deceased and their 
spouses, as well as other variables. The interviewers were not aware of the results 
of the pathological examinations. 

Main Outcome Measure.—Specimens were examined for basal cell hyperpla¬ 
sia, squamous ceil metaplasia, ceil atypia, and (in membranous bronchioles and 
bronchiolo-alveolar airways) mucous cell metaplasia, le, pathological entities that 
may be lung cancer risk indicators or epithelial, possibly precancerous, lesions 
(EPPL). The gland and wail thicknesses were aitio measured and their ratio cal¬ 
culated i (Reid Index). 

Results.—In comparison with nonsmekers, EPPL values were significantly 
higher among current smokers and higher, but not significantly so, among former 
smokers. Furthermore, EPPL values were significantly higher among deceased 
nonsmoking women married to smokers rather than to nonsmokers. In this set of 
data neither occupation nor residence was associated With EPPL, but this could be 
due to the poor correlation of residential history with exposure to air pollution and 
the lack of adequate standardization of contemporary Greek occupations. The Reid 
Index was higher among smokers and former smokers in comparison with non- 
smokers, among subjects with mainly urban residence in comparison with those 
with mainly rural residence, and among nonsmoking women married to smokers 
in comparison with those married to nonsmokers, but none of these differences was 
statistically significant 

Conclusion.—These results providesupporttothe body of evidence linking pas¬ 
sive smoking to lung cancer, even though they are based on a study methodolog¬ 
ically different from those that have previously examined this association. 

( JAMA. I9922SaLL697-17UI) 
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THE ASSOCIATION between expo¬ 
sure to environmental tobacco smoke 
and lung cancer, first reported in 1981; 1 - 2 
has been supported by the collective ev¬ 
idence of several epidemiologic stud¬ 
ies. 5 * 11 However, some authors 1253 and'a 
number of special interest groups 14 have 
challenged the epidemiologic findings,, 
invoking the operation of unlikely but 
conceivable biases. To further examine 
the etiologie importance of involuntary 
smokingmltmgcarcinogenesis, we have 
undertaken an autopsy-based epidemi¬ 
ologic study in Athens, Greece. Lung 
specimens were examined without 
knowledge of the exposures of the par¬ 
ticular subject for pathological entities 
that are considered lung cancer risk in¬ 
dicators, and the findings were corre¬ 
lated with independently elicited expo¬ 
sure information concerning the de¬ 
ceased and provided by his or her next 
of kirn 13 Several of the pathology-based 
studies 1 have examined the impor¬ 
tance of tobacco smoking and various 
correlates of air pollution as risk factors 
of pathoanatomic indicators of lung can¬ 
cer, chronic bronchitis, or respiratory 
performance, but there have been no 
previous such investigations of the role 
of involuntary smoking. 

METHODS 

Autopsies are mandatory in Greece 
when a death is due to external causes or 
has occurred within 24 hours after the de- ro' 
velopment of symptoms and the patient 
has not been under the regular atten* 
dance of a physician who is willing to sign 
the death certificate. During a 4-year pe- CO 
riod (September 1986'through October Wl 
1990) about 12000 autopsies were per- 
formed in the Coroner's Center of Ath- CO 
ens, the major or two centers that cover 
the 4 million—large population of Attica. 
During this period one or us (E-A_), a pa- 
thologist specifically trained in the Turin 
center ana collaborating with the Coro¬ 
ner’s Center of Athens, obtained Itmg 
specimens from 400 persons 35 years of 
age or older, of both genders, who had 
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Tabla U—Distribution of ttie Initially Selected 400 Subjects (A), tbe 283 Subjects for Whom i Suitable 
Samples Were Taken (B). and the 206 Persons far Whom Both Suitable Samples and IMerviews Were 
Available (C), by Cause of Death. Age. and Gender. 


Cause of beam 
Coronary head disease 

Other cardiovascular diseases 
Diseases of the digestive system 
Diseases of the genitourinary system 
Accdents and other external causes 
Unknown (but nonresomatory) 


died within the last 4 hours from a cause 
other than respiratory or cancer. Speci¬ 
mens were collected when the indicated 
pathologist was on duty during the early 
morning hours at the Coroner's Center of 
Athens, ana the 400 specimens were all 
that were available to him during his ser¬ 
vice at the time period of the study. The 
subjects were of Greek nationality and all 
died in the Attica area (which includes 
Greater Athens) but could have been cur¬ 
rent or past residents of any area of 
Greece. The pathological examinations 
were undertaken in Turin by two pathol¬ 
ogists (FJL, LJ3.) who were blinded 
about the identity of the subject and his 
or her past exposures. 

For each subject, at least seven tissue 
blocks were taken from the main and lo¬ 
bar bronchi and at least five blocks from 
the parenchyma (one for each lobe), in¬ 
cluding an average of about 20 smaller 
cartilaginous bronchi 1 and membranous 
bronchioles; additional blocks were ob¬ 
tained from scars and areas of fibrosis, 
when present. At least two histological 
sections were examined from each block. 

In 283 (71%) of the subjects the pres¬ 
ervation of the bronchial epithelium was 
satisfactory according to the criteria set 
by Auerbach et ah 17 and only these cases 
were considered suitable for further 
study. In these subjects several morpho¬ 
logical features were examined to assess 
the precancerous potential in the bron- 
chiai 1 tree. 1#a7 - azL:: * 

Basal cell hyperplasia, squamous ceil 
metaplasia; and ceil acypia were consid¬ 
ered as lung cancer risk indicators or ep¬ 
ithelial, possibly precancerous, lesions 
(EPPL) in main pius lobar and in other 
cartilaginous bronchi, whereas in mem¬ 


branous bronchioles and bronchiolo¬ 
alveolar airways, mucous ceil metaplasia 
was also taken into account (14 variables). 
F Or each of these 14 variables several ob¬ 
servations were available for every study 
subject. When absent EPPLs were 
graded as 0, or as 1 to 3 (1 to 4 for atypia) 
when present The criteria for the scoring 
were based on the degree of changes for 
hyperplasia and atypia, and on the exten¬ 
sion of changes around the airway cir¬ 
cumference for squamous and mucous 
metaplasia. A set of photographic refer¬ 
ence standards was prepared and used 
for comparison during examination and 
grading. Each slide was examined by the 
two pathologists and discussed when the 
grade scores were not in agreement 
The sum of the grade scores assessed 
for each of the 14 EPPL variables was cal¬ 
culated and expressed as a percentage of 
the maximum sum that could be obtained. 
Thus, for basal cell hyperplasia in main 
plus lobar bronchi, there were usually 
seven observations for every study sub¬ 
ject (two for the main and five for the lo¬ 
bar bronchi). Each observation was as¬ 
signed a grade from 0 to 3 (basal cell hy¬ 
perplasia from absent to maximum), with 
a grade sum ranging from 0 to 2L If the 
actual grade sum were 7, its percentage 
expression of the maximum grade sum 
would be 33. The resulting percentage 
values of the 14 variables were then 
added. This method; introduced by 
Wright et aF in a morphological grading 
of bronchioiar lesions, allows the estima¬ 
tion of a total EPPL. grade score. As 
Wright et aF have pointed out, this pro¬ 
cedure usually generates a variant of the 
mean of ail the grades, althou gh in this in¬ 
stance, the method assigns equal weights 


to atypia (original scale from 0 to 4) 'and to i 
hyperplasia or metaplasia {original'scales 
from 0 to 3). The total EPPL grade score 
has a positively skewed: distribution; 
most values lie between 10 and: 80, with 
occasional values above 100. 

Independently, the Reid Index (RI) 
was also determined for every study sub¬ 
ject 13 This index reflects bronchial mu¬ 
cous gland enlargement and has been re¬ 
garded' by several workers 28 ^ 3 as a 
morphologic counterpart of chronic bron¬ 
chitis. The RI is calculated 11 as the ratio 
of the thickness of the bronchial mucous 
glands (G) to the bronchial wall (W) thick¬ 
ness (inner perichondrium to basement 
membrane), and is usually graded as V 
(G/W 2 * 0.35), 2 (0.35 < G/W < 0.50), or 3 
(G/W > 0.50). The index was evaluated in 
the two main bronchi and five lbbar bron¬ 
chi of each subject, and the mean value for 
this subject was then estimated. 

An effort was mad6 to identify the next 
of kin of the deceased The interviewers, 
both medical doctors (XZ., AJL), ex¬ 
plained by telephone or, more frequently, 
through an assistant the purpose of the 
study, and requested permission to visit 
and administer an interview in'person. 
The interviewers were not aware of the 
results of the pathological examinations, 
which were performed without knowl¬ 
edge of the exposures of the particular 
subject. For 206 subjects an interview 
was done, whereas for the remaining 77 
(27%) there was either refusal (48 per¬ 
sons) or loss of contact (29 persons). The 
interviewed persons were spouses (43%), 
children (19%), brothers or sisters (6%), 
other relatives (6%), or others (26%). 

Tablfe 1 shows distributions by diagno¬ 
sis, age, and gender of the initially se¬ 
lected 400 subjects, the 2S3 persons for 
whom suitable samples were taken, and 
the 206 persons for whom both suitable 
samples and interviews were available. 

The interviews were done with stan¬ 
dardized questionnaires. Data concern¬ 
ing demographic characteristics were ob¬ 
tained, and information concerning occu¬ 
pation; residential history, and smoking 
habits of the deceased and his or her ^ 
spouse was recorded. Specifically, the j 
next of kin was asked to indicate, among C 
other things, the employment history of ] 
the deceased; whether he or she was a £ 
smoker or an ex-smoker at the time or f 
death and, if so, what was the average * 
number of cigarettes per day; and'where £ 
he or she has lived and for how lbng. For £ 
every married subject, smokinginrarma- l 
tion about the spouse was also recorded. £ 
Standard regression procedures were Q 
used for the analysis. The values for 
EPP L and RI were altemarively used as 
dependent variables. Independent vari¬ 
ables were, in addition to gender, age and 
years of schooling of the deceased, resi- 
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Table 2.—Cross-Classification of 206 Subjects by Reid Index (RI) and Total Score of Epithelial, Possibly 
Precancerous. Lesions (EPPL) In the 8ranchiai Tree 


EFPL 


r ‘ --1 


RI 

0-19 

20-09 

40-59 

60-79 

80 + 

Total 

0.0-1.4 

12 

3 

T 

2 

3 

21 

125-1 3 

9 

5 

4 

1i 

1 

20 

2.0-2.4 

20 

11' 

15 

IT 

9 

66 

23-2.9 

8 

19 

19 

13 

14 

73 

ao 

3 

5 

5 

3 

10 

26 

Total 

52 

43 

44 

30 

37 

206 


dential history, and smoking habits. Spe¬ 
cifically, the subjects were classified into 
those who lived most of their lives in ur¬ 
ban areas (population of ^100000) and 
those who lived most of their lives in rural 
areas. With respect to smoking habits, 
current smoking and past smoking were 
introduced into the model as indicator 
variables, whereas the effect, if any,, of 
the daily amount of cigarettes, among 
smokers and past smokers separately, 
was assessed by enteringthe appropriate 
terms in the model to restrict information 
to the relevant groups. Occupation of the 
deceased was also evaluated in the initial 
models using nve indicator variables for 
professionals, urban blue-collar workers, 
agricultural workers, self-employed plus 
commercial workers, employees, and 
housekeepers. 

RESULTS 

Table 2 shows the cross-dassincation 
of the 206 subjects by EPPL and HI val¬ 
ues. There is a fair degree of correlation 
(the correlation coefficient, based on in¬ 
dividual pairs of observations, is +0.40), 
which is statistically sig nifican t 
(Pc.001). Table 3 presents univariate 
distributions of these subjects by age, 
gender, years of schooling, most recent 
occupation, residential history, and 
smoking habits. This table also shows 
mean values and corresponding standard 
errors of EPPL by group. Due to inter- 
correlations among the various indepen¬ 
dent variables, the EPPL data in Table 3 
are not directly interpretable. 

Table 4 shows the results of multiple 
regression analysis using EPPL as a de¬ 
pendent variable and age, gender, smok¬ 
ing habits, and residential history as in¬ 
dependent variables. Entering years of 
schooiing and/oroccupationai groups into 
the model did not noticeably afreet the re¬ 
gression coefficients, nor was there a sub¬ 
stantial, significant, or suggestive associ¬ 
ation of EPPL with any of the occupa¬ 
tional groups or with years of schooling. 
The values for EPPL were substantially 
and significantly higher among current 
smokers and higher, but not sgnincantiy 
so, among past smokers. There were no 
dose-response trends among current or 
past smokers. With the tobacco smoking 


terms in the model, EPPL values were 
signincantly higher among female sub¬ 
jects, and there was a nonsignificant de¬ 
crease with age. Residential history, 
which is a very crude indicator of long¬ 
term exposure to air pollution, was not as¬ 
sociated with EPPL. Carcinoma was 
found in four elderly men (68 to 82 years) 
who were ail heavy smokers (30 to 45 cig¬ 
arettes per day). Their individual EPPL 
values were 29,53,142, and 253, with the 
mean equal to 119. 

Among the 62 female subjects there 
were 41 nonsmokers. Among them 17 
were married to husbands who were ever 
smokers, whereas 13 were married to 
never smokers (for 11 relevant informa¬ 
tion was not available). Nonsmoking 
women exposed to environmental to¬ 
bacco smoke through their husbands had 
a significantly higher mean value of 
EPPL, although the estimates were not 
very precise, thus, the difference (with 
the 95% confidence interval [CID was 
27b8 (5.64 to 50.13), with a two-tailed P of 
.02. Adjustment for one or more of the 
other variables indicated in Tables 3 and 
4 had no effect. 

With respect to RI, no difference or as¬ 
sociation in the multiple regression anal¬ 
ysis was significant at a nominal level 
(P<.05), although the results were, in 
general; in "expected” directions. Thus, 
compared with nonsmokers, RI was 
higher among smokers (difference, 0.125; 
Cl, —0.020 to 0.340) and, to a lesser ex¬ 
tent, among past' smokers (difference, 
0.050; Cl, -0i210to 0.310). The index was 
also higher among those with mainly ur¬ 
ban residence (difference, 0.177; CL 
-0.030 to 0-384} and among nonsmoking 
women married to smokers rather than 
to nonsmokers (difference, 0.22G; CL 
-0.149 to 0.589)i 

COMMENT 

Studies linkmgpatfcoanatomicfindings 
in the lungs with data concerning expo¬ 
sures to tobacco smoking and air pollution 
have concentrated on lesions thought to 
be risk indicators of lung cancer/^ 7 -^ 1 ^* 
on pathological abnormalities associated 
with functional respiratory changes, 71 ’^ 
or on pathological changes linked to the 
clinical syndrome of chronic bronchi- 


Table 3.—Univariate Characteristics .of trie 2C6 


Studied Subject and Mean Values at 1 Epithelial. 
Possibly Precancerous. Lesions (EPPL), by Grouo 


Variable 

Mo.* (r.): 

EPPL (SEV 

Agn, y 

35-49 

22(H) 

67.45 (11.69) 

£0-59 

39(19) 

56.74 (7.56)' 

60-69: 

51 (25) 

48.86 (5.80) 

70-79 

63(30) 

38.92 (3.99) 

60-69 

26(14) 

48.26 (7.48) 

90 + 

Gender 

3(1) 

42233 (27.51) 

M 

144(70) 

47:82 (3-30) 

F 

62(20) 

52.19 (5.95) 

Schooling, y 


0 

15(8) 

46.40(10.65) 

1-6 

96(47): 

51.22 (4.53) 

7+ 

92(45)i 

47.17(5.78] 

OccuoationaJ activity 

Professionals 

5(2) 

70j40 (21.72) 

Commercial, etc 

2Q (10) 

40j15 (5.56} 

Employees 

53(27) 

42^3 (3.79) 

Manual workers 

72 (26) 

£5.18(6-23) 

Agricultural 

i<(7); 

54.CO (13.15)1 

Housekeeping 

36(18) 

41.22 (5.84) 

Residential history 

Mainly urban 

152(77) 

49.88(3.44); 

Mainly rural 

«(22] 

49.42 (£.37) 

Smoking habits 

Nonsmokers 

62(31) 

41.25 (5.61): 

Ex-smokers 

1-20 dgaretres/d 

19 (10) 

45-37 (11x10) 

21-40 egarertes/d 

9(5) 

31:78 (6.82) 

41+ c'gareBes/d 

8(4) 

42-SS (9.09) 

Current smokers 

1-20 dgarenes/d 

51(?SV 

53.92 (5.74) 

21-40 cigareaes/d 

37(79) 

61.43 (7.53) 

41+ dgarertes/d 

14.(7) 

42.93 (6.54) 


■There ire missing values: years at scaociing, three: 
ocoj&aoonai acovity, six; resui anaai history, rune; smok¬ 
ing habits, sue. 


The index proposed by Reid 18 
as a morphologic correlate of branchial 
mucus hypersecretion and, accordingly, 
chronic bronchitis^has been associated 
in some studies with tobacco smok- 
jag there are no reports linking 

RI with air pollution or a proxy variable 
like residential history. In the present 
study no significant association was evi¬ 
dent between the RL on the one hand, and 
any of the exposure variables on the 
other, although the results were, overall, 
in expected directions, the index being 
higher among smokers and urban' resi¬ 
dents. This may imply that RL as mea¬ 
sured, is not a sufficiently sensitive indi¬ 
cator of the pathological changes associ¬ 
ated with chronic bronchitis, or that the 
unavoidable nondifferential misdhssin- 
cation in exposure ascertainment led to 
attenuation of weak true associations. 
Nevertheless, the moderately strong and 
highly s tatis ti call y significant association 
between RI and EPPL suggests that 
there are common factors in their etiol¬ 
ogy (although not necessarily with 
equally strong etiolbgic relations), and 
that the reliability of these measure¬ 
ments is not much lower than that of 
many other variables used in epidemio- 
lOgicsuidies (forwhich the correlation co¬ 
efficients vs their own standards are fre¬ 
quently between 0.5 and 0.6). 

The inspiration and the methoaologic 
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Table 4;-—Multiple Regression-Derived Regression Coefficients of EpitheliaiJ, Possibly Precancerous. 
Lesions on a Number of Indepenoent Vanables: Point Estimates. 95% Confidence Intervals, and Two-Tailed 
P Values* 




Regression 

Unit of 




Coefficient 

Independent 

P 

Variable 

Category 

(95% Q) 

Variable 

(Two-Tailed) 

Age 

Continuous 

-4.65 (r9.a5 to 0.54) 

10 y 

.06 

Gene or 

Male 

Baseline 




Female 

17,10 (1.77 to 32.43) 

NA 

.03 

Smotong 

Nonsmokers 

Baseline 



habrts 

Current smokers 

2X52 (7^7 to 39.47) 

NA 

.04 


No. of cigarettes 

—2.69 (—8.04 to 2.6 6) 

10 cigarettes 

X2 


Ex-smokers 

7J29 (-11.95 to 26.73) 

NA 

.45 


No. of cigarettes 

—0.32 (—7.73 to 7.09) 

IQ dgarenes 

S3 

Residential 

Mainly rural 

Baseline 



history 

Mainfy urban 

-4.89 (-20X5 to 10.47) 

NA 

£3 


*Cf Indicates confidence interval; and NA, not available. 


approach of the present study drew 
heavily from the studies done by Auer¬ 
bach and colleagues “ a7 ‘ :a:nju over a period 
of 30 years. These pioneering studies are 
of great'relevance in evaluating patholog¬ 
ical lesions, although it is possible that mi¬ 
nor biases may have been introduced in 
their sampling procedures; furthermore, 
there has not been a complete consensus 
on the relative value of the early lesions 
as predictors of the future occurrence of 
tumors. 34 We have also used the semi- 
quantitative scoring system that was in- 
\ troduced by Wright and her colleagues, 32 
) a system that imparts an element of ob¬ 
jectivity to the summarization of the 
pathological findings. 

Auerbach and colleagues 1 * postulated 
■ that there should be changes in the bron¬ 
chial epitheiimnofpatients with lung can¬ 
cer, as well as in smokers, that diner 
markedly from those in nonsmokers. 
They have focused on four types of epi¬ 
thelial changes (basal cell hyperp lasia, 
stratification, squamous metaplasia, and 
carcinoma in situ) and found that these 
changes (mainly cells with atypical nu¬ 
clei) were much more common in smokers 
(particularly heavy smokers), whereas 
among past smokers the findings were 
minimal anch among nonsmokers, urban 
residence had little and age and gender 
virtually no effect (if anything, older 
women haH fewer changes). 17 * 33,21 In a 
liter study, Auerbach et al 24 have shown 
that smoking of low tar and nicotine cig¬ 
arettes generates substantially fewer 
histological changes in the bronchial ep¬ 
ithelium. The results of the Auerbach 
studies do not necessarily imply that all * 
the indicated epithelial lesions represent 
stages of a unidirectional carcinogenic 
process; indeed, the findings of other 
studies 2 * 3 * suggest that some of the de¬ 
tectable epithelial lesions are likely to b e 
): correlates rather than intermediate steps 
” in lung carcinogenesis. 

With respect to demographic vari¬ 
ables (broad occupational categories. 


age, and gender), the results of the 
present study are compatible with ear¬ 
lier reports. After controlling for tobacco 
smoking, women had higher EPPL val¬ 
ues and there was a slight negative asso¬ 
ciation of EPPL with age, inline with the 
findings reported by Auerbach et aL 3 
Also, broad occupational categories are 
not expected to show substantial vari¬ 
ability in lung cancer risk, even though 
particular occupations have definitely 
been shown to be at increased risk. Fur¬ 
thermore, categorization of occupations 
is not adequately standardized in Greece, 
and the lack of association between occu¬ 
pation and lung pathology may be due to 
inadequate information an occupation. 

There were substantially and signifi¬ 
cantly higher EPPL values among smok¬ 
ers and higher, but not significantly so, 
EPPL values among past smokers. The 
lack of dose-response patterns is not sur¬ 
prising. Next of kin responders fre¬ 
quently remember whether the deceased 
was a smoker, but it is rather unusual for 
them to have accurate knowledge of the 
number of cigarettes smoked daily. The 
resulting nondifferential mis classifica¬ 
tion is likely to attenuate any existing 
dose-response pattern to the point of non¬ 
detectability in studies of moderate size. 
It is also possible that heavy smokers 
with extensive pathological lesions in the 
lung become symptomatic and thus less 
likely to be included among those who 
would be autopsied after their death; a 
similar selection with respect to passive 
smokers is implausible, since very few, if 
any, among them would have such exten¬ 
sive pathological lesions. 

The finding concerning passive smok¬ 
ing is statistically significant and adds to 
the substantial body of evidence linking 
exposure to environmental tobacco 
smoke with lung cancer. >u Although the 
examined subjects represent a selected 
sample, there is no likely selection fecror 
that could affect the joint distribution of 
any of the exposure variables .and EPPL 


(over and beyond their actual associa¬ 
tions), since all EPPL and RI assess¬ 
ments were done blindly in a different 
center. Furthermore, selective recollec¬ 
tion and other types of biases that have 
been invoked by some authors 22 ^ 1 to ex¬ 
plain, in noncausal terms, the association 
of passive smoking with lung cancer are 
either nonapplicable or highly unlikely in 
the context of an autopsy-based study. 

The apparent effect of passive smoking 
may seem too large in comparison to the 
effect of active smoking in this investiga¬ 
tion. Thus, the odds ratio for an EPPL 
score of 60 or more contrasted to an 
EPPL score of less than 40 was 0.9 for 
mainly urban residents (compared with 
mainly rural residents), L4 for former 
smokers (compared with' nonsmokers),, 
and 4.4 for active smokers (compared 
with nonsmokers), whereas among non¬ 
smoking women the odds ratio was 6.0 for 
those married to smokers (compared 
with those married to nonsmokers). The 
corresponding odds ratios for an RI of 
2.5 or higher contrasted to an RI of less 
than 2.0 were L5, L7,2.4, and L3. How¬ 
ever, EPPL and RI differences and tihe 
odds ratios describing the effects of active 
and passive smokingare not directly com¬ 
parable. Active smokers are compared: 
with nonsmokers, whether these were 
exposed or nonexposed to the passive 
smoking indicator (husband's smoking), 
whereas passive smokers are compared 
with subjects unexposed to the passive 
smoking indicator. It has been pointed 
out by Vutuc* and others 2,7 that when¬ 
ever the proportion of nonsmokers who 
are passive smokers is large (as in the 
present study or in any setting in which 
a large majority of men but only a small 
minority of women are smokers) and the 
impact of passive smoking is modest or 
substantial, the effect of active smoking 
can be grossly underestimated. In the 
present study,, changing the reference 
group from “nonsmokers” to “nonsmok- 
ers unexposed to the passive smokingin- 
dicator" would increase the odds ratio for 
active smoking to almost 10 (with' re¬ 
duced precision, since there would be few 
subjects in this new* reference group). 
Other factors must also be taken into ac¬ 
count. Confidence intervals for passive 
smokers are fairiy large, and they could 
easily accommodate predicted ratios of 
effects of active and passive smoking. In 
addition, the information concerning ac¬ 
tive smoking of the deceased was ob* 
tamed from proxy sources, whereas in¬ 
formation concerning passive smoking 
was obtained^ in many instances, from in¬ 
dividuals who were themselves the 
sources of this exposure for the deceased! 

In the former situation nondifferential 
misclassincanon is more extensive than 
in the latter, and the resulting effect 
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attenuation is correspondingly larger. 
Moreover, many smokers, even in 
Greece, have switched'to low tar and nic¬ 
otine cigarettes, and this should be ex¬ 
pected to modify the effects of active 
smoking 24 while having little, if any, im¬ 
pact on the concentration and composi- 
'* tion of environmental tobacco smoke (Ibw 
tar and nicotine cigarettes are made so by 
the filter rather than by the composition 
of tobacco),, Last, there is other evL 
Jence 37 * 3 that exposure to environmental 
tobacco smoke could be more injurious to 
health than it would be predicted to be on 
the basis of cotinine excretion studies. 
The present data cannot substantiate 
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air pollution on lung cancer risk, 3 and 
cannot facilitate the resolution of this im¬ 
portant and controversial issue. 3 " 61 
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Passive Smoking and Canine Lung Cancer Risk 


John S. Retf, 1 Kan Dunn, 2 Gregory K, Qgitvie, 3 and Cheryl K. Harris 2 


A case-control study was conducted to determine whether household exposure to 
environmental tobacco smoke is associated with an increased risk for lung cancer in: 
pet dogs. Lung cancer cases and controls with other forms of cancer were obtained 
from two veterinary teaching hospitals during 1985-1987. Exposures assessed included 
the number of smokers in the household, the amount smoked, and the proportion of 
time spent indoors by the pet. A weak relation was found for exposure to a smoker in 
the home (odds ratio « 1.6, 95% confidence interval 0.7-3.7), after controlling for 
confounding in stratified analyses. Strong evidence for a further increase in risk 
associated with more than one smoker in the home was not found, nor was a significant 
trend observed for increasing number of packs of cigarettes smoked per day or an 
exposure index based on number of smokers in each household, packs smoked per 
day, and the proportion of time the dog spent within the home. However, skull shape 
appeared to exert effect modification: the risk was restncted to breeds with short and 
medium length noses (odds ratio * 2.4, 95% confidence interval 0.7-7.8) Despite the 
inconclusive findings of the current study, epidemiologic studies in pet animals may add 
to our understanding of environmental tobacco smoke effects in human populations. 
Am J Epidemiol 1992;135:234-9. 

dogs; lung neoplasms; tobacco smoke pollution 
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Spontaneous canine neoplasms may pro¬ 
vide useful models for studying the health 
effects of environmental hazards. Many 
forms of canine cancer resemble their hu¬ 
man analogs in biologic behavior, pathologic 
expression, and recognized risk factors. Dogs 
share the environment intimately with hu¬ 
mans, and thus they may constitute a “sen¬ 
tinel” species for human disease. Epidemio¬ 
logic studies of environmental risk factors 
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for cancer in pet dogs have been advocated 
because of the relative freedom from con¬ 
founding factors such as occupational ex¬ 
posures and the dog’s shorter life span and 
restricted residential mobility (1). 

The relation bet ween exposure to environ¬ 
mental tobacco smoke and the risk of hu* 
man lung cancer and other, nonneoplastic 
respiratory diseases has received intense 
scrutiny from the scientific community, 
health policymakers, and others (2-6). The 
current study was designed to test the hy¬ 
pothesis that exposure to environmental to¬ 
bacco smoke in the home constitutes a risk 
factor for lung cancer in dogs. 

MATERIALS AND METHODS 

All confirmed cases of canine lung cancer 
(ri « 70) for the years 1985-1987 were se- 
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lected from the oncology records systems of 
two university veterinary teaching hospitals 
(the University of Illinois and Colorado 
State University), Unmatched controls (n = 
106) with other forms of cancer not sus¬ 
pected of being related to cigarette smoking 
in humans were selected randomly from the 
oncology' data bases of the same institutions 
for the same years, yielding a caseicontrol 
ratio of 1:1.5. The diagnoses of the primary 
liung cancer cases and cancer controls were 
verified histologically. 

A letter soliciting participation was mailed 
to the household of each subject, with in¬ 
structions to complete and return a ques¬ 
tionnaire. Demographic information was 
collected for each participant. Exposures as¬ 
sessed among cases and controls included 
the number of smokers who resided in the 
household, the number of packs of cigarettes 
smoked per day by the heaviest smoker, and 
the proportion of time (per 24-hour day) 
spent by the dog inside the borne. An expo¬ 
sure index was created for each subject by 
multiplying the number of smokers in each 
household by the number of packs smoked 
per day by the proportion of time the dog 
spent within the home. Thus, subjects that 
lived in homes where there was no resident 
smoker were assumed to have received no 
exposure. 

Odds ratios with approximate 95 percent 
confidence intervals (7) were calculated to 
estimate risk. Mantel-Haenszel stratified 
analyses were used to control for confound¬ 
ing (8)j The Mantel extension chi-square test 
was used to evaluate trends across strata of 
increasing dose (9). 

Age, sex, hospital, proportion of the day 
spent indoors, body size, and skull shape 
were evaluated for confounding or effect 
modification. Body size (ideal weight for 
breed) could have influenced proximity to a 
smoking owner, as has been suggested for 
other human-canine exposures (10). It has 
been suggested that skull shape influences 
risk for respiratory cancer, long-nosed 
breeds have been shown to be at excess risk 
for nasal cancer in some studies (11,12) but 
not in others (13). The suggestion that long 
nosed (dolichocephalic) breeds may more 
effectively filter and remove airborne partic¬ 


ulates and carcinogens stimulated the inclu¬ 
sion of skull shape in stratified analyses. 

RESULTS 

The response rates were 73 percent for 
cases and 78 percent for controls, yielding 
final sample sizes of 51 and 83, respectively. 
Hospital A contributed 55 percent of the 
subjects—53 percent of the cases and 57 
percent of the controls. Smoking was more 
prevalent among owners of dogs from hos¬ 
pital B, and therefore hospital was included 
as a potential confounder in all stratified 
analyses. The demographic and anatomic 
characteristics of lung cancer cases and other 
cancer controls were similar (table 1). The 
relative frequencies of various diagnoses 
among control dogs (table 2) were repre¬ 
sentative of all dogs with cancer as reported 
in other studies of university veterinary hos¬ 
pital populations (14). 

A weak association was found between 
exposure to environmental tobacco smoke 
and the risk of canine lung cancer. The crude 
odds ratio for exposure to environmental 
smoke was 1.5 (95 percent confidence inter¬ 
val (Cl) 0.7-3.0). After adjustment for age. 
sex, skull shape, time spent indoors, and 
hospital, the odds ratio rose slightly to 1.6 


TABLE 1. Selected characteristic* of case and 
control dog* from two veterinary mod tea I teaching 
hospital a (tha Umvaraity ot IHinois and Colorado 
State University), 198S-1M7 


Characteristic 

Cases 

Controls 


No. 

51 

83 


Mean age (years) 

10.4 

10.0 


% mate 

Size (pounds)* 

47.1 

506 

10 

Small (<25) 

255 

19.3 

o 

Medium (25- 



JO 

50) 

35.3 

41.0 

CO 

Large (>50) 

Skull: shape 

392 

398 

CJ1 

h* 

co 

JO 

Brachyoe- 



phafcc 

59 

6.0 

Mesocephafcc 

Dofcchoce- 

47.1 

494 


phafcc 

47 1 

44.6 



• To convert pounds to kJograms. nxitpty by 454 and drviOe 
by 1.000 
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(95 percent Cl 0.7-3.7) (table 3)j Effect mod¬ 
ification by age appeared to be present; the 
risk estimate for dogs aged 10 years or less 
was 2.7 (95 percent Cl 1.0-7.2), while that 


TABLE 2. Ctautficition, by major diagnostic 
category, of control dogs from two vatartnsry 
modical taaching hospitals (tha Unlvarslty of UKnois 
and Colorado Stata Unlvarslty), 1MS-1M7 


Cancer site or type 

NO 

% 

Breast 

TO 

121 

Soft tissue sarcoma 

13 

15.7 

Skin iand connective tissue 

24 

28.9 

Gastrointestinal tract 

9 

10.8 

Thyroid 

5 

6.0 

Bone 

6 

7.2 

Lymphoid 

3 

3.6 

Other 

13 

15.7 

Total 

83 

100.0 


for older dogs was 0.8 (95 percent Cl 0.3- 

2 . 2 ). 

Evidence of a dose-response relation for 
passive smoke exposure was largely lacking 
(table 3). The risk estimate for more than 
one smoker in the home did not increase 
substantially over that found with a single 
smoker. Although the adjusted odds ratios 
for number of packs of cigarettes smoked 
daily by the heaviest smoker were in the 
anticipated direction for a dose response, the 
trend was not significant (p = 0;20). How¬ 
ever, the total number of packs smoked in 
the home by all resident smokers could not 
be estimated from the data collected. When 
we evaluated an index of exposure that was 
calculated by multiplying number of smok¬ 
ers in the home, packs per day smoked by 
the heaviest smoker, and proportion of the 
day spent in the home by the dog. no in- 


TABLI 3. Risk estimates for canine lung cancer by exposure to environmental tobacco smoke, University 
of Illinois end Colorado Stata university, 1935-1987 

Cases Controls 

Risk factor exposed exposed OR*, t 95% Cl* 

(ft - 51): <h - S3) 

Presence of smoker in 
the home 


NO smokers 

27 

52 

1.0 


At least one smoker 

24 

31 

1.6 

07-3.7 

No. of smokers in the 
home 

0 

27 

52 

1.0 


1 

16 

17 

1.6 

0.6-4.1 

*2 

6 

(x* for trend - 

14 

0.398; p - 0.53) 

1.8 

04-7.1 

Packs/dayt 

0 

27 

52 

1.0 


<2 

15 

22 

1.2 

0 5-3.2 

£2 

9 

(x 2 for trend - 

9 

1.655; p-0.20) 

34 

0 7-16 5 

Exposure index§ 

0 

27 

52 

1 0| 


0.25-2 0 

16 

14 

i.9a 

08-45 

>2.0 

e 

(x 2 for trend - 

17 

0.123; p- 0 73) 

0 98 

03-2:9 


• OR. odds retio, Cl, confidence interval' 

t Odds ratios were adjusted tor age tax, hotprtal. ski* snipe, and ame spent ndoors 
% No of packs of ogarattes smoked per day by heev»esi smoker 
| No o4 smokers x pecks/day x percentage of time spent nooors 
| Not adjusted tor time spent ndoors 
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crease in risk was seen with presumed in* 
creases in exposure to environmental to¬ 
bacco smoke (table 3); 

Skull shape was found to exert a modify¬ 
ing effect on estimated lung cancer risk 
(table 4): The increase in risk for having a 
smoker in the home was restricted to mem¬ 
bers of breeds with short (brachycephalic) 
and medium length (mesocephalic) noses 
(odds ratio = 2.4, 95 percent Cl 0.7-7.8), 
while no increase in risk was found in dogs 
with long noses. However, evidence of a 
dose-response relation was not found in the 
brachycephalic-mesocephalic group. 

DISCUSSION 

Primary canine lung cancer is a rare dis¬ 
order. in terms of both proportional cancer 
mortality and prevalence. A prevalence ratio 
of 4.2 cases per 100,000 dogs was found in 
one population-based study (15), Lung can¬ 
cers in dogs are primarily adenocarcinomas 


of bronchiolar and bronchioloalveolar origin 
which arise in the peripheral portions of the 
lung rather than in large ainvays (16). 

Previous interest in canine lung diseases 
as models for human health effects has fo¬ 
cused on the possible role of air pollution in 
chronic pulmonary disease (17) and in lung 
cancer (11), When the role of urban resi¬ 
dence (a surrogate for air pollution expo¬ 
sure) was tested for its effect on the risk of 
canine pulmonary or nasal neoplasia, no 
relation was found (11). Environmental ex¬ 
posures to cigarette smoke were not consid¬ 
ered in these analyses; an association be¬ 
tween passive smoking and human lung can¬ 
cer was not described until a decade later. 
In a recent epidemiologic study of bladder 
cancer in dogs, no association with exposure 
to environmental tobacco smoke was found 
( 18 ): 

The increase in risk found in this study in 
dogs corresponds reasonably well with the 
estimate of an increased risk for lung cancer 


TABLE 4. Risk estimates for canlna lung cancar by axpoaura to anvironmantal tobacco smoke and by 
skull shape, University of Illinois and Colorado Stats University, 1985-1987 


Bracnyc#phaiic/mesocephakc dogs 


Dofccnocephakc dogs 


Risk factor 

Cases 

Controls 



Cases 

Con trots 




exposed 

exposed 

ORM 

95% cr 

exposed 

exposed 

OR| 

95% Cl 


(n- 27) 

(n- 46) 



(n - 24) 

<n - 37) 



Presence of smoker in the 









home 

NO smokers 

12 

29 

1.0 


15 

23 

1.0 


At toast one smoker 

15 

17 

2.4 

0.7-7.8 

9 

14 

0.9 

0.3-29 

No. of smokers in the 









home 









1 0 

12 

29 

1.0 


15 

23 

1.0 


1 

9 

9 

34 

0.8-150 

7 

6 

0.8 

0.2-3.2 

£2 

6 

6 

1.9 

04-9.3 

2 

6 

0.6 

0.1-6.2 

Packs/da yt 









0 

12 

29 

10 


15 

23 

1.0 


<2 

10 

11 

2.5 

0.6-100 

5 

11 

0.7 

0.2-25 

£2 

5 

6 

2.4 

0.4-13,1 

4 

3 

2.1 

0.2-253 

Exposure index§ 









0 

12 

29 

i.oi 


15 

23 

i.oi 


0.25-2.0 

11 

6 

76| 

1.6-35 8 

5 

8 

07* 

0.2-2 4 

>2.0 

4 

11 

1 21 

0.2-54 

4 

6 

0.61 

0.1-4.0 


• OR. odd# ratio. Cl, confidence ntervaJ. 

tiOdds ratios were adjusted for age. sex. hospital. «nd time spent rooorv 
frNo of packs of cigarettes smoked per day by heaviest smoker 
I No of smokers x pecks/day x percentage ofitme spent indoors 
I Not adjusted for time spent indoors 
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in humans of 1.35 that was calculated in a 
meta-analysis of the first 13 studies of lung 
cancer risk and passive smoking conducted 
worldwide (19). The current study suffers 
from some of the same limitations found in 
the studies done in humans, i.e, small sam¬ 
ple sizes, imprecise risk estimates, and diffi¬ 
culties in measuring exposure. 

Risk estimates in this study were stratified 
according to skull shape, because long-nosed 
breeds have been found to be at increased 
risk for nasal cancer in several epidemiologic 
studies (11,12) and clinical reports (20). The 
suggestion that the increased risk of nasal 
cancer among dolichocephalic breeds may 
be due to enhanced filtration of airborne 
particulates and carcinogens led us to ex¬ 
amine the relation between skull shape and 
lung cancer risk The finding that increased 
canine lung cancer risk is restricted to 
dogs with short and medium length noses 
(brachycephalic and mesocephalic breeds) is 
consistent with the hypothesis that the rela¬ 
tively efficient air filtration of the long-nosed 
breeds may exert a protective effect for lung 
cancer. Experimental attempts to induce 
lung cancer in dogs by exposing them to 
cigarette smoke proved successful when the 
nasal filtration mechanism was bypassed by 
exposing the animals through a tracheos¬ 
tomy (21). Over 40 percent of dogs that 
“smoked” unfiltered cigarettes for up to 
years developed lesions classified as invasive 
bronchioloalveolar tumors (21). Further¬ 
more, the low incidence of lung cancer in 
dogs may be partly attributable to effective 
filtration of inspired air within the nasal 
cavity and turbinates. 

Use of the dog model has several advan¬ 
tages over comparable studies in humans in 
that exposures are largely restricted to the 
home, and potential confounding by occu¬ 
pational exposures to other airborne carcin¬ 
ogens is reduced. Nonetheless, while the 
dog's mobility is restricted, that of its smok¬ 
ing owners) is not, and it becomes difficult 
to ascertain exposure precisely. In the cur¬ 
rent study, the proportion of total smoking 
conducted in the home (as opposed to other 
sites) was not determined, and information 
on number of packs currently smoked per 


day was collected only for the heaviest 
smoker in the home. Duration of exposure 
was not evaluated; although it may also be 
relevant, since the induction time for lung 
cancer is likely to be measured in years. 
Thus, misclassification with respect to dose 
undoubtedly occurred and may have ob¬ 
scured differences between exposure groups. 
Recent studies in humans have emphasized 
the importance of childhood and adolescent 
exposures to environmental tobacco smoke 
in the household as determinants of the risk 
of lung cancer (6). 

Hospital-based case-control studies may 
suffer from selection bias. However, in this 
study, there is no reason to suspect differ¬ 
ential referral patterns from, smoking and 
nonsmoking families, and cancer controls 
were chosen to minimize this possibility. 
Furthermore, the selection. of cancer com 
trols was intended to reduce the information 
bias that may result from, differential recall 
of exposure among owners of case and con¬ 
trol dogs (22). 

The rarity of lung cancer in dogs makes a 
collaborative multicenter case control study 
the design of choice for further studies of 
canine lung cancer. Studies of nasal cancer, 
a more common form of cancer i n dogs, are 
under way to examine the effects of environ¬ 
mental tobacco smoke on the nasal epithe¬ 
lium.Demonstration of an association be¬ 
tween exposure to environmental! tobacco 
smoke and canine respiratory cancer would 
provide additional evidence with which to 
evaluate this important public health con- 
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PRECURSORS OT CAROTJVASCULAR DISC A SC IN A fLFAL 

rm-mjNiTY - r cjoss - sectional study.. 

A.*. Deltran. Jr. . H.D, , E.L. Cabral,. M.D.. 
Clinical Epidemiology Unit:, University of the 
[Philippines, Manila Philippines, with R.F. Holler,, M.D_ 
University of Newcastle, Australia. 

The Philippines is experiencing an increasing number 
of cases of ischemic iieart disease sxi hypertanaun. Since 
there is a strong association between the presence of 
risk factors and development of heart disease, this stuJy 
was conducted:to evaluate the extent of high blood 
pressure, smoking and serum citolesterol level in a ample 
population.living in a rural community of °ila l Laguna. 

A random sample of 3G0 aales aged 30 -J 7'J years 
drawn fro* a household register of 2 villages we 
A validated questionnaire was used to evaluate the 
presence or absence of these risk factors. The results were^ 
x A3 + 10 (33-67 yrs)., x *e: yt X) + T3 (37-93 kg) and X 
height 162 ♦ 3 (148-181 cn). Their mean systolic blood 
pressure (S8P) was 132 ♦ 22 (78-23C oraHg) and mean 
diastolic presa_re (CEP) was 83 + 12 (34-126 naHg). Seventy 
two (245) were told of having a raised blood presoLre but 
only 34 (115) were truly hypertensive (S8P >160 and/or 
D8P795). Fifty seven (195)had been on drug treatment at 
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and infant mortality, however, since the atari of the 
program*, the coverage and utilization of services has 
markedly improved. Registration of pregnant women has 
increased upto 80.0 percent frcm mere 10.0 percent . 
60-65.0 percent received prophylactic tetanus toxoid 
injections. The same propo rt ion received blood exami¬ 
nation, urine examination arri blood pressure check-up 
which v*re earlier not done at the village level. Semi 
sterilised disposable delivery packs were used in more 
than 80.0 percent of deliveries. 
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The trend w»$ negative for leukemia in adults. NonHodgkin's 
lymphoma and lung cancer showed raised risks in relation to both 
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Conclusion: Overall, given the lack of clearcut effects on children 
and on radiosensitive sites like leukemia, the pattern of results does 
not provide convincing evidence that TMI releases influenced cancer 
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The risk factors associated with the development of 
primary canine lung cancer have been inadequately 
studied. A case-control study was conducted in order to 
determine whether passive exposure to environmental 
tobacco smoke was associated with an increased risk for 
the disease in dogs, as It is in humans. Cases (n*5I) 
were obtained from two veterinary teaching hospitals 
and were confirmed histologically. Controls with other 
forms of cancer, not related to smoking in humans, were 
obtained from the same hospitals (n-83). Exposures 
assessed included the presence of a smoker In the home, 
the number of smokers, the amount smoked and the time 
spent by the subject indoors per day. The crude odds 
ratio for exposure to passive smoke was 1.49 (951 Cl 0 lT| 
-3.0), which fell to 1.32 (951 Cl 0.6-2.8) after adjust-) 
ment for state of residence. Additional adjustment for 
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effect on the risk estimate. There was little evidence 
of a dose-respons*. An exposure Index containing number 
of smokers, packs and time spent Indoors was not relate^ 
with increasing risk. Despite the weak nature of the 
relationship between passive smoke exposure and lung 
cancer risk indbgs, the study supports increased use 
of animal models as sentinels for human risk from 
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CRITICISMS OF THE EPIDEMIOLOGIC STUDIES ON ETS AND LUNG CANCER 


Some general criticisms are applicable to the majority 

of the epidemiologic studies on ETS and lung cancer. The papers 

at Tab 1 of this section of the notebook provide useful overviews 

of the variety of issues raised with regard to the spousal smoking 
l A—c 

studies. 


For instance, in one of those major overviews. Smith, et 
al., (1992) write: 1C 


Although epidemiology studies do not establish 
causal relationships, the spousal studies do 
not make clear whether the reported associations 
are indicators of risk of ETS exposure, 
indicators of risk of spousal smoking status, 
or methodological artifacts. 


This section of the notebook addresses methodological 
issues raised in the literature by persons critical of the spousal 
smoking studies and the conclusions drawn from their data. 


Strength of the association 


As Wynder and Kabat wrote in 1990: 


1A 


An association is generally considered weak if 
the odds ratio is under 3.0 and particularly 
when it is under 2.0, as is the case in the 
relationship of ETS and lung cancer. 
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In epidemiology, weak associations call for special attention 
to possible sources of bias and confounding. 

Exposure bias 

• Spouses, next-of-kin or friends are sometimes asked to estimate 
the amount of ETS to which they think the subject was exposed. 

This may result in something called "exposure bias" or 

. . . . 2 
"exposure misclassification." 

• Exposure indices and risk estimates based on this type of 
information may be improper and incorrect. 

• One example of this was reported in the Garfinkel, et al., 
study, published in 1985, which reported relative risks of 
0.83 when the cases answered questions about ETS, 0.77 when 
the cases' husbands answered, and 3.57 when the cases' children 
answered (a copy of this study may be found in Section A of 
this notebook). 

Reporting bias 

• Another type of bias that may arise is "reporting bias," whic 

may result if cases and controls respond differently t 

. . 2 
questions about personal smoking and ETS exposure. 
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Publication bias 


"Publication bias" arises from the apparent failure by 
scientific journals to publish papers reporting negative or 
weakly positive results. If this occurs, the set of published 

investigations may not be truly representative of all the 

. . 3 

studies in the area. 


Confounding factors 

• The studies did not always account for possible confounding 
factors. (This is addressed in more detail in the section in 
this notebook on confounders.) 

• Smith, et al., comment on the importance of confounding 
factors: 1C 


The reported relative risks or odds ratios 
have generally been no larger than 2.0, 
approximately the same magnitude as confounding 
lifestyle factors. In addition, there is 
evidence that many of these confounders are 
non-symmetrically distributed between smoking 
and nonsmoking households. 


Use of questionnaires 
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All of the epidemiologic studies on the purported association 
between ETS exposure and disease in nonsmokers rely solely upon 
questionnaires about exposure, rather than upon actual exposure 
data. 4A,B Recent studies indicate that questionnaires are an 
unreliable and inaccurate measure of exposure. 


Questionnaire responses about exposure vary widely when 

compared with actual measurements of ETS constituents in the 

. . 4C 

ambient air. 

IB 

As noted by Gori and Mantel (1991) : 


Most epidemiologic studies have measured 
exposure by means of recall questionnaires, 
with results that are problematic even at 
qualitative levels. Aside from the inability 
of virtually all epidemiologic studies to 
define whether exposure or lack of it was 
correctly reported — especially with data 
from proxy respondents — the issues of 
intensity and duration of exposure have hardly 
been addressed by questionnaires. 
[Questionnaires have produced no more than 
rough indices of exposure. 


Histology 

• Lung cancer diagnoses were not always histologically o 

1A 

pathologically verified. 
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Also, the histological composition, i.e., the type of lung 
cancer, differed among studies (in some studies, all 
histological types were included; in others, some types were 
excluded). 1A 

In a 1993 Letter to the Editor, Alan W. Katzenstein addresses 
the issue of disease misclassification, arising "when 'lung 
cancer cases 1 are not primary lung carcinomas but are secondary 
cancers that have metastasized to the lung." He calls 
diagnoses other than histology or cytology "equivocal, at 
best." Katzenstein illustrates the potential impact of 
disease misclassification using the Hirayama study, in which 
89-100% of the cases "are of questionable disease 
classification": he proposes that if as few as four of the 

163 "exposed" cases had been misclassified, the reported 

. . . ... 5 
relative risk would be statistically nonsignificant. 


"Data-dredaing" 


Investigators often examine numerous subgroups of the study 

population, and may report only those conclusions which fit 

1A 

with their hypothesis. (This is sometimes called "data- 

dredging.") 
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Misclassification 


If the personal smoking status of subjects is not accurately 
classified, it could result in "misclassification bias." 

One critic, Peter Lee, contends that the reported "risks" for 
nonsmokers are the result of bias caused by a small number of 
smokers who are reported in the studies as nonsmokers. 6 


Conclusion 


German scientist Karl uberla discussed some criticisms of 
the ETS-lung cancer studies at a scientific symposium held in 
Argentina: 


The majority of criteria for a causal connection 
are not fulfilled. There is no consistency, 
there is a weak association, there is no 
specificity, the dose-effect relation can be 
viewed controversially, bias and confounding 
are not adequately excluded, there is no 
intervention study, significance is only present 
under special conditions and the biological 
plausibility can be judged controversially. 


The eminent statistician Nathan Mantel concluded the 

following: 
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[I]t is unlikely that any epidemiological study 
has been, or can be, conducted which could 
permit establishing that the risk of lung cancer 
has been raised by passive smoking. Whether 
or not the risk is raised remains to be taken 
as a matter of faith. 


In a 1991 review, 


Gio Gori and Nathan Mantel wrote 


IB 


It should be clear that the seemingly 
insurmountable difficulties in measuring ETS 
exposures and doses, unresolved classification 
bias, and the inability to control for numerous 
independent confounders explain the 
inconsistency of weak ETS epidemiologic results 
and speak against scientifically credible 
conclusions about a risk that, if real at all, 
remains imponderable. 

Indeed, the only justifiable conclusion is 
that this issue cannot be resolved 
scientifically on the basis of currently 
available information. 


Copies of critical papers, highlighted in yellow for 
useful information and in blue for adverse statements, are found 
at Tabs 1-7. 
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CRITICISMS OF THE HIRAYAMA STUDY 


made 


s' 

( 


Numerous criticisms of the Hirayama study have been 

8 ”21 

They include: 

The age distribution of the sample is not representative of the 

total Japanese population, particularly for women over the 
8 

age of 40. When a statistical correction is made for this 
bias, the increased relative risk reported by Hirayama 
virtually disappears. 

The appropriateness of Hirayama's standardization of the data 
by husband's age, rather than by subject's, has been 
questioned. When Kilpatrick re-analyzed the data adjusted 

by subject's age, the model used by Hirayama was shown to be 
inappropriate and the reported significantly elevated risk 
associated with husband's smoking was no longer apparent. 

The Hirayama study was not designed to investigate ETS 

exposure; it is inappropriate to use it to make conclusions 

8 

about the hypothesis of an ETS-lung cancer relationship. 

Errors and internal inconsistencies in the data and in risk 

ratios and confidence intervals have been noted and publicly 

. 13-15 

acknowledged by Hirayama. 
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use of 


• The design of the study has been criticized, e.g., 

8 

death certificates as evidence for lung cancer is unreliable ? 
autopsy or histology results were available for only 11.5% 

Q 1 £ 

(23 of 200) of the cases ' ; use of the smoking status of 

the subject's husband as a surrogate measure for ETS exposure 

8 12 

is not reliable ' ; many possible confounding factors were 

overlooked. 8 ' 17 

It appears that Hirayama has never adequately addressed 

the criticisms; for instance, his 1990 monograph on the study 

persists in presenting the same data analyses that have been 

18 

particularly criticized. In addition, Hirayama has not made his 

8 19 2 0 

original data available for review. ' ' 

A bibliography of the criticisms follows. Copies of 
selected papers are given at Tabs 8-21. They are highlighted in 
yellow for useful information and in blue for adverse statements. 
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CRITICISMS OF THE TRICHOPOULOS STUDY 


Regarding the Trichopoulos, et al., study, the following 
criticisms have been made: 


In 1990, Letzel and Uberla evaluated the quality of ETS-lung 
. 22 

cancer studies. Based on possible sources of bias and other 
problems with study design, they concluded that the 
Trichopoulos, et al. study, in particular, is "methodologically 
unacceptable" and is "a textbook example of how a case-control 
study should not be performed." Furthermore, they reported 
that this study may strongly influence the outcomes of meta¬ 
analyses of the ETS-lung cancer epidemiological studies (e.g., 
when the Trichopoulos study was included in meta-analyses of 
all possible case-control study combinations, it appeared in 
330 of the 353 significant study combinations). 


Methodologically, the study has been criticized for selecting 
cases and controls from different hospitals; for excluding 
patients with adenocarcinoma and with alveolar carcinoma; 


. f0 

for the lack of histological or cytological confirmation ir^ 

. 824 . ^ 

35% of the cases; and for its small sample size. ' Accordingfo 

cn 

to uberla, the small sample size means that "the statistically!”* 

CO 

'significant' results of this study may well be artefact^* 

2 3 

from chance, bias or confounding." ' 
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Environmental Tobacco Smoke and Lung Cancer: 
A Critical Assessment* 

E.L.Wynder and G.C.Kabat 


Summary 

The possibility that exposure to environmental tobacco smoke (ETS) may increase the 
lung cancer risk of nonsmokers has become a cause of public concem A It is unknown 
whether the levels of carcinogens in the diluted sidestream smoke of tobacco products 
that reach the nonsmoker’s lung are sufficient to induce cancer. Available epidemiologic 
studies suggest a slight increase in the relative risk of lung cancer in nonsmokers due to 
exposure to ETS created by a smoking spouse. However, not all studies have found a 
significant association. The epidemiologic studies are examined in the light of the criteria 
of judgment of causality, including strength of association^ consistency, temporality, 
methodological issues, and biological plausibility. Suggestions for further research, 
including studies in high-exposure populations and greater attention to histology, are 
proposed. 

Introduction 

Epidemiologists, chemists, biologists, physiologists, physicians, and public health 
officials have given much attention to the association of environmental tobacco smoke 
(ETS) exposure and the development of lung cancer in nonsmokers. ^^ipl<£gic*^a|iy 
f or such an association 

caraSopmcTrBtboratory animals are inhaled and retained by the nonsmolcgr. 
Metabolites of tobacco-specific smoke constituents have been identified in the saliva, 
bloody and urine of nonsmokers after exposure to ETS (Greenberg et al. 1984; Hoffmann 
et al. 1984; National Academy of Sciences 1986; USpHHS 1987; Sepkovic et al. 1988). 
Several epidemiological studies have found a positive association between ETS exposure 
- usually defined as being due to a smoking spouse - and lung cancer (Hirayama 1981; 
Trichopoulos et al. 1981; Correa et al. 1983; Sandler et al. 1985; Garfmkel et al. 1985; 
Akiba etal. 1986; Dalageret ah 1986; Pershagenetal. 1987). Other studies have found no 
significant association (Garfmkel 1981; Chan and Fung 1982; Koo et al. 1983; Kabat and 
Wynder 1984; Wu et all 1985; Lee et al. 1986). No consistent association has been 
reported for lung cancer and exposure to ETS in childhood, which might be expected to 
exert a greater effect, especially when followed by exposure throughout adulthood. Of 
course, recall of ETS exposure in childhood is more difficult than recall of such exposure 
in adulthood] 


* Research described herein was performed under USPHS, National Cancer Institute Program 
Project Grant CA-32617. 


H. Kaluga (Ed.) Indoor Air Quality 
© Springer-Verlag, BtTlin Heidelberg 1990 
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The epidemiological study of weak associations is burdened with problems that may 
yield artifactual positive findings or may show negative findings where a real association' 
exists. The association of ETS and lung cancer risk, even if weak, would still be of concern 
as a public health problem in that most people are at one time or another exposed to 
smoke from burning tobacco products and the exhaled pollutants of tobacco smokers. A 
weak association in epidemiology requires careful examination and an understanding of 
the variables in question and all of the factors influencing the association (Wynder 1987). 

In this overview we critically examine the published studies on ETS exposure and lung 
cancer to determine whether the evidence presented to date permits a sound conclusion as 
to causation^ 


General Exposure to ETS 

At^^ouU^we.needTo. emphasize that an association between ETS and lung cance? 
pm^^^^eemetl^iossiSie’ A recent survey of self reported exposure in a hospitalize 
population revealed that 66% of men and 60% of women had ETS exposure in 
childhood! 32 % of the men and 61 % of the women reported ETS exposure in the home in 
adulthood; and 60% of the men and 62% of the women who worked outside the home 
reported ETS exposure at work (Kabat and Wynder, unpublished data, 1987). 


Critical Assessment 


The first Surgeon-General’s Report on Smoking and Health, published in 1964 (USPHS 
1964), clearly delineated the criteria of judgment for causality. These criteria included: 
the magnitude of the association, consistency, temporality, and biological plausibility. 
Since these criteria were considered necessary to prove causation for a strong association, 
namely, active smoking and lung cancer, they should be equally required to determine the 
causality of weak associations (Wynder 1987). Let us examine the epidemiological 
evidence linking ETS with lung cancer in respect to these criteria. 


Strength of the Association 

An association is generally considered weak if the odds ratio is under 3.0 and particularly 
when it is under 2.0, as is the case in the relationship of ETS and lung cancer (Table 1). If 
the observed relative risk is small, it is important to determine whether the effect could be 
due to biased selection of subjects, confounding, biased reporting, or anomalies of 
particular subgroups. 


Consistency 

If an association is real, internal consistency should be apparent within and between 
different studies. The majority, but not all of the studies of ETS and lung cancer have 
shown a positive association for ETS-exposure due to a smoking spouse (Table 1). In 
most of the studies, the confidence interval includes 1.0. While the prospective study by 
Hirayama (1981a) among Japanese women showed a significant association with the 
husband’s smoking (largely adenocarcinomas), the prospective study among American' 
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Table 1. Summary of results of studies relating lung cancer risk in married women to their 
husbands’ smoking habits 



Relative risk 

95% Confidence interval 

Prospective studies 

Hirayama (1981)i 

1.63 

1.25-2:11 

Garfinkel (1981) 

1.18 

0.90-L54 

Case-control studies 

Trichopoulos et al. (1981) 

2.1 

111 8-3.78 

Chan & Fung (1982) 

0.75 

0.44-1.30 

Correa et al. (1983) 

2.03 

0.83-5.03 

Koo et al. (1983) 

1.54 

0.90-2.64 

Kabat & Wynder (1984) 

0.79 

0.26-2.43 

Wu etal. (1985) 

1.2 

0.6 -2.5 

Garfinkel et al. (1985) 

1.12 

0.74-1.69 

Lee et al. (1985) 

1.03 

0.41-2.47 

Akiba et al. (1986) 

1.48 

0.88-2.50 

Pershagen et al. (1987) 

1.28 

0.75-2.16 


Table 2. Distribution of lung cancer by histologic groups in smokers and never-smokers. (From 
Kabat and Wynder 1984) 


Smokers 


Never-smokers 


i 

i 

i 


Malts 

Females 

Males 

Females 

(N = 1882) 

(N = 652) 

(N = 37) 

(N = 97) 

t%] 

[%] 

[%] 

[l%] 


Kreyberg 1 

63 

52 

35 

21 

Kreyberg 11 

32 

43 

54 

74 

Mixed and undifferentiated/anaplastic 

5 

5 

11 

5 


women by Garfinkel (1981) did not. It has been suggested that Japanese and American 
women are exposed to different levels of ETS due to different conditions in the two 
countries. Such differences could account for this disparity (Hirayama 1981b)j 

Within those studies presenting specific histologic analysis, differences exist in 
respect to the type of lung cancer involved. In active smokers, tobacco smoke exposure 
has a causative effect predominantly on squamous and small cell types of lung cancer 
(Kreyberg I), with a lesser, though still significant causative effect on the glandular type 
(Kreyberg II) (Wynder and Steliman 1977). Among nonsmokers, however, the glandu¬ 
lar type of lung cancer predominates among both men and women (Kabat and Wynder 
1984) (Table 2). The effect of ETS would thus be expected to be primarily responsible 
for the higher rate of adenocarcinomas among nonsmokers. The studies by Dalager 
et al. (1986) and Pershagen et al. (1987), however, suggest that the effect of ETS 
exposure is limited to induction of squamous cell lung cancer (Table 3). If this were, in 
fact, the case, then only the squamous or small cell type of lung cancer in nonsmokers 
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Table 3. Histology-specific odds ratios for spouse smoking from two studies 


Study 

Histologic type 

N 

Odds ratio 

95% C.L 

Dalageret al. 

Adenocarcinoma 

16 

1.02* 

0.33- 3.16 

(1986) 


Squamous & Small Cell Ca. 

14 

2.88* 

0.91- 9.10 


Other 

18 

L31* 

0.48- 3.57 

Pershagen et al. 

Squamous or Small Cell Ca. 

20 

3.3 

1.1 -11.4 

(1987) 


Other 

47 

0.8 

0.4 - 1.5 


would be affected by ETS. Clearly, it is important that investigations of the effect of 
ETS exposure on lung cancer development in nonsmokers take histology into account, 
so as to determine whether an effect of ETS is limited to certain histological types. 

Since smoking is more prevalent in lower income groups, at least among men, 
lung cancer in nonsmoking women in these groups Should have a higher incidence. 
Thus, the influence of the level of education on smoking habits in the examined 
population needs to be considered as a possible confounder. Few studies to date 
have done this. 


Methodological Issues 

A particular concern in weak associations is reporting bias, that is, potentially 
differential reporting of exposures between cases and controls. In terms of ETS, does the 
lung cancer patient report exposure to tobacco smoke, be it at work, at home, at social 
functions, in childhood or adulthood, differently than the control? The case is likely to 
have a different attitude toward this question than does the control, a handicap not 
applicable to prospective studies. It needs to be determined whether the case’s attitude 
towards questions on ETS exposure leads to under- or overreporting. Cases arc likely to 
underreport their own smoking (Lee 1987), and they may tend to overreporf their 
exposure to ETS and other potential hazards that could account for their illness. In 
studies that use proxy reports, different relatives may respond differently. Garfinkel et al. 
(1985) provides some insight into this phenomenon by showing that if the response came 
from the patient, the odds ratio was 1.0, if from the husband it was 0,92, and if from the 
daughter or son, 3.19 (Table 4). More work is needed on the validity of ETS-exposure 
information obtained from different relatives before we can evaluate which of these 
relative risks is closer to the truth. 

In general, possible reporting bias represents a serious problem in case-control studies 
because it can produce a systematic artefact. It is particularly worrisome in that it cannot 
be effectively measured. 

We also need to consider misclassification that can occur in both retrospective and 
prospective studies. Lee has proposed (Lee et all 1986; Lee 1987) that the reported ETS 
effect on lung cancer risk can be explained by a misclassification of smokers as 
nonsmokers. According to these studies, a substantial percentage of respondents 
misrepresent their smoking habits. Using a 10:0% misclassification rate of ex-smokers as 
self-reported neversmokers coupled with the concordance of spouses’ smoking habits, 
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Table 4. Data from Garfinkel et all (1985) by type of respondent 



Husband’s smoking habits at home 

N of cases 

OR 

95% CL 

Self 

16 

1.00 

0.55- 1.74 

Husband 

34 

092 

0.63- 1.34 

Daughter/Son 

48 

3.19 

0.91-11.19 

Other 

36 

0.77 

0.57- L03 





YEARS SWCEOUrmNQ 


Fig. 1. Odds ratio of male ex-smokers for Kreyberg I (N = 687) and Kreyberg II (N = 301) lung 
cancer by years since quitting (controls = 6534). Source: American Health Foundation data 


jj Lee calculated that an apparent increase in lung cancer risk can be obtained among 

!i nonsmokers married to smokers that approximates the increased risk observed in a 

number of epidemiologic studies (Lee 1987). At the extreme, Garfinkel et al. (1985) 
i showed that 40% of lung cancer cases classified as “nonsmokers" in the hospital chart 

j were in fact smokers as determined by interview. Although such a high rate of 

misclassification does not occur when cases are interviewed personally, to some extent 
I 1 denial is likely to occur even then, particularly among ex-smokers who had stopped 

smoking ten or more years ago. The risk of lung cancer among long-term ex-smokers, 
jl and even among ex-smokers who quit more than 16 years earlier, does remain elevated 

| above the rate among those who never smoked (Fig. 1). Denial of past smoking may also 

I not be uncommon in populations where smoking is or was socially unacceptable, as is the 

Ji case among older Japanese wornem 


I; 



Source: https://www.industrydocuments.ucsf.edu/docs/szpxOOOO 


2023513293 





10 E. L. Wynder and G. G. Rabat 


TableS. Percent oflung cancer cases who never smoked by histologic group (A. H.F. data): 



Males 




Females 




KI* 


KII~ 


KI* 


KI1** 


[%] 

N 

[%] 

N 

[%] 

N 

[%]! 

N 

1969-1973 

1.2 

488 

5.6 

142 

10.7 

103 

23.7 

76 

1974-1976 

1l6 

887 

3.0 

305 

16.4 

263 

25.3 

146 i. 

1977-1980 

2.1 

628 

4.6 

390 

5.6 

231 

22.0 

245 I: 

1981-1985 

1.4 

725 

5.6 

463 

6.8 

311 

16.6 

284 j 


* KreybergI 
'• Kreyberg II 


Another problem for epidemiologists involves subgroup analysis (Stallones 1987)j 
Investigators are likely to examine numerous subgroups, and then prefer to present those 
subgroups that best fit the hypothesis. This tendency represents an inherent problem in 
epidemiology. The investigator should at a minimum give an idea of how many 
subgroups were originally examined and how many subgroups were discarded. 


Temporality 

One of the factors that led to the conclusion that active smoking causes lung cancer was 
that the increase in cigarette consumption preceded the increase in lung cancer rates, first 
in men and later in women. Enstrom (1979) has reported an increase in the lung cancer 
rate in nonsmokers over recent years, suggesting that factors in addition to personal 
cigarette smoking influence lung cancer mortality rates. The groups examined, however, 
are not strictly comparable, and misclassification of smokers as nonsmokers in the 
national surveys needs to be considered. Our data from a long-term> hospital-based case- 
control study do not indicate an increase in the percentage of male nonsmokers with lung 
cancer in either of the two main histologic groupings (Kreyberg I and II) over the last 30 
years (Table 5). 

In fact, the percentage of nonsmokers with lung cancer among women has declined, 
which may be a consequence of the diminishing pool of women who have never smokedi 

Biological Plausibility 

Several studies have demonstrated that most tumorigenic agents are present in undiluted 
sidestream smoke in higher concentrations than in mainstream smoke (Hoffmann et ah ro 
1983; National Academy of Sciences 1986; Hoffmann and Wynder 1986) (Table 6). 
Biochemical studies indicate that nonsmokers exposed to ETS have levels of nicotine or 
cotinine in the blood or urine that are about 1/100th the level seen in active smokers 
(Table 7) (Jarvis et ah 1984; National Academy of Sciences 1986). Some of the nicotine 
measured in the blood and urine represents nicotine that is absorbed by the saliva of 
nonsmokers and does not reach the lung directly (Jarczyk et ah 1987). It is important to 
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T able 6. Distribution of compounds in undiluted cigarette mainstream smoke (MS) and sidestream 
smoke (SS) 


Nonfilter cigarettes 



MS 

SS/MS 

(A) Vapor phase 

Carbon monoxide 

10 - 23 mg 

2.5- 

4.7 

Carbon dioxide 

20 - 40 mg 

8 - 

11 

Benzene 

20 - 50 pg 


10 

Formaldehyde 

5 - 100 pg 

0.1- 

=“50 

Acrolein 

50 - 100 pg 

8 - 

15 

Acetone 

100 - 250 pg 

2 - 

5 

Hydrogen cyanide 

400 - 500 p£ 

0.1- 

0.25 

' Hydrazine 

24 - 43 ng 

3.0 


Ammonia 

50 - 170 pg 

40 - 

170 

Methylamine 

11.5 - 28.7 pg 

4.2- 

6.4 

Nitrogen oxides 

50 - 600 pg 

4 - 

10 

N-nitro$odimethylamine 

10 - 180 ng 

20 - 

100 

N-nitrosopyrroli di ne 

2 - 110 ng 

6 - 

30 

(B) Particulate phase 

Particulate matter 

15 - 40 mg 

1.3- 

19 

' Nicotine 

1 - 2.5 mg 

2.6- 

3.3 

j Phenol 

60 - 140 pg 

1.6- 

3.0 

1 Catechol 

100 - 350 pg 

0.6- 

0.9 

Hydroquinone 

110 - 300 pg 

0.7- 

0.9 

Aniline 

360 ng 


30 

2-Toluidine 

30 - 160 ng 


19 

2-Naphthylamine 

4.3 - 27 ng 


30 

4-Aminobiphenyl 

2.4 - 4.6 ng 


31 

Benz(a)anthracene 

40 - 70 ng 

2 - 

4 

Benzo(a)pyTene 

10 - 40 ng 

2.5- 

3.5 

N'-Nitrosonomicotine 

120 -3,700 ng 

0.5- 

3 

NNK 

120 - 950 ng 

1 - 

4 

Cadmium 

100 ng 


7.2 

Nickel 

20 -3*000 ng 

13 - 

30 

Polonium-210 

0j03- l.OpCi 

7 



note that nicotine occurs in ETS primarily as a vapor phase constituent rather than in the 
particulate matter of the aerosol as is the case in mainstream cigarette smoke (Eudy et al. 
1987), Measurement of nicotine or its metabolites will, therefore, not reflect the 
proportional uptake of particulate matter from ETS, In the light of our present 
knowledge of dose-response in carcinogenesis and because the carcinogenic activity of 
tobacco smoke as measured in animal systems is relatively low, the question needs to be 
raised whether the carcinogenic potential of inhaled ETS suffices to induce lung cancer. 
Hoffmann and Hecht (1985) have proposed nicotine-derived nitrosamines in ETS as 
organ-specific carcinogens for the lung. It is possible that these chemicals reach the lungs 
in sufficient dose to induce neoplastic changes. These carcinogens may also be formed 
endogenously from inhaled or ingested nicotine and appropriate nitrosating agents 
(Hoffmann and Hecht 1985); Tumor promoters are less likely to play a role in ETS 


CA 
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Table 7. Approximate relations of nicotine as a parameter between non-smokers, passive smokers 
and active smokers*. (From Jarvis et al. 1984) 


Nicotine/cotinine 

Non-smokers without 
ETS exposure 

No. -46 

Non-smokers with 

ETS exposure 

Noj = 54 

Active 

smokers 

No. = 94 

Mean 

value 

% of active 

smokers 

value 

Mean 

value 

% of active 

smokers 

value 

Mean 

value 

Nicotine (ng/ml) 






in plasma 

1-0 

7 

0.8 

5.5 

14.8 

in saliva 

3.8 

0.6 

5.5 

0.8 

673 

in urine 

3.9 

0.2 

12.1* 

0.7 

1,750 

Cotinine (ng/ml) 





275 

in plasma 

0.8 

0.3 

2.0* 

0.7 

275 

in saliva 

0.7 

0.2 

2.5** 

0.8 

310 

in urine 

1.6 

0.1 

7.7** 

0.6 

11,390 


* Differences between non-smokers exposed to ETS compared with non-smokers without 
exposure 

• p<0.01 
** p< 0.001 


carcinogenesis than in active smoking because of their much lower concentration. In 
general^ tumor promoters are effective only when applied repeatedly in relatively large 
amounts. 

In considering the existing data on ETS exposure and lung cancer, it is noteworthy 
that Auerbach et al. (1961):showed only minor histological changes in the bronchial 
epithelium of nonsmokers and found that the ciliated columnar epithelium that covers 
their bronchi were largely intact. Deposition of carcinogenic smoke particulates can take 
place only upon inhibition of the protective functioning of the lung clearance system. 
Squamous cell lung cancer can arise only from ciliated columnar cells that have 
undergone squamous metaplasia. 

An active smoker with each puff from a cigarette inhales a volume of 35-50 ml of a 
concentrated aerosol containing 3-5 billion particles per ml that adversely affect the 
protective cilia and mucous defense system of the bronchi (Ferin et ah 1965). The passive 
smoker is at no time exposed with such force to such a highly polluted inhalant. 
Furthermore, ETS particles are more likely to be deposited in the upper respiratory tract 
and not predominantly in the bronchi as is the case in active smoking. Thus, our 
respiratory defense system may be able to deal more readily with the relatively lighter 
deposition of particles and exposure to volatiles in ETS, as the observation by Auerbach 
et al. (1961) would suggest. 


Future Studies 

Future epidemiological studies on the association of ETS with lung cancer should 
attempt to avoid the pitfalls discussed above. The definitive evidence that a factot causes 
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human cancer requires support from descriptive, metabolic, and molecular epidemiolo¬ 

gy. 

Beyond extension of prospective studies, such as those now in progress by Garfmkel and 
Stellman at the American Cancer Society, we suggest: 

1) Continuing ongoing case-control studies with special reference to histologic type and 
careful consideration of methodological issues. 

2) Estimating the relative importance of ETS exposure in different settings - in the 
home, in the workplace, in social situations, and during transportation. 

3) Further studying lung cancer rates among pipe and cigar smokers, and^ if feasible, 
among nonsmokers exposed to ETS from these products. 

4) Studying lung cancer incidence in groups occupationally, exposed to high levels of 
ETS at their worksite such as waiters, bartenders, train conductors, airplane 
personnel, and office workers. 

5) Studying bronchial epithelium in autopsy material of established never-smokers 
whose exposure to ETS is known. 

6) Determining the incidence of lung cancer by histological type in confirmed neverr 
smokers. 

7) Comparing the presence of adducts of tobacco-specific carcinogens with DNA in 
smokers, passive smokers, and “never-smokers” (Hoffmann andHecht 1985; Hecht et 
al. 1987). 

In summary, verification of the possible association of ETS and lung cancer represents an 
important challenge to epidemiologists, laboratory scientists, and public health authori¬ 
ties. The public is entitled to inhale the cleanest possible air regardless of whether ETS is 
proven to be cancer-inducing. Additional efforts on the part of epidemiologists are 
required to firmly establish the nature and significance of the reported associations 
between passive smoking and lung cancer. 
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Environ menu! tobacco smoke (ETS) is derived from cigarette smoldering and active smoker 
exhalation. Its composition displays broad quantitative differences and redistributions between 
gas and respirable suspended particulate (RSP) phases when compared with the mainstream smoke 
(MSS) that smokers puffi This is because of different generation conditions and because ETS is 
diluted and ages vastly more than MSS. Such differences prevent a direct comparison of MSS 
and ETS and their biologic activities. However, even assuming similarities on an equal mass 
basis, ETS-RSP inhaled doses are estimated to be between 10,000- and 100,000-fold less than 
estimated average MSS-RSP doses for active smokers. Differences in effective gas phase doses are 
expected to be of similar magnitude. Thus the average person exposed to ETS would retain an 
annual dose analogous to the active MSS smoking of considerably less than one cigarette dispersed 
over a 1-year period By contrast, consistent epidemiologic dau indicate that active smoking of 
some 4-5 cigarettes per day may not be associated with a significantly increased risk of lung 
cancer. Similar indications also obtain for cardiovascular and respiratory diseases. Since average 
doses of ETS to nonsmoking subjects in epidemiologic studies are several thousand times less 
than this reported intake level, the marginal relative risks oflung cancer and other diseases attributed 
to ETS in some epidemiologic studies are likely to be statistical artifacts, derived from unaccounted 
confounders and unavoidable bias, c m\ Academe **». tac. 


INTRODUCTION 

During the last decade, considerable attention has been devoted to the question of 
whether environmental tobacco smoke (ETS) causes disease in nonsmokers (USSG, 
1986; NRC, 1986; EPA, 1990a). Some epidemiologic studies of nonsmokers presum¬ 
ably exposed to ETS have suggested a marginal increase of risk for some diseases 
previously associated with active mainstream smoking (MSS). These reported risks, 
however, border on statistical and epidemiologic insignificance, and could easily derive 
from numerous and documented biases and confounders. 

Official reviews have stopped short of implying a causal role of ETS in most of these 
associations, with a notable exception for lung cancer. This exception has been based 
not so much on admittedly questionable epidemiology, but on a public health stance 
of concern driven by perceived—but largely undocumented*—compositional similar- 

1 To whom corre sp ondence should be addressed 
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itics of ETS and MSS, and by the implausible assumption that no dose exists below 
which risks are nonexistent or imponderable (USSG, 1986; NRC, 1986; IARC, 1987; 
EPA, 1990a,b). 

This study analyzes the scientific literature on the chemical and physical charac¬ 
teristics of MSS and ETS, their reported specific biologic activities, and the mean 
relative doses of active MSS smokers and ETS-exposed nonsmokers under prevailing 
real life conditions, and finally considers the epidemiologic projections that these com¬ 
bined influences imply. 

PHYSICAL AND CHEMICAL CHARACTERISTICS OF MSS AND ETS 


Mainstream smoke is what smokers generate and inhale. Cigarettes smoldering 
between puffs emit side stream smoke (SSS), which, along with smoke exhaled by 
active smokers (EMS), becomes environmental tobacco smoke after immediate and 
progressive dilution* and aging. Both MSS and ETS result from the combustion of 
the same substrate and lead to exposures to analogous but not necessarily the same 
components, and certainly in different proportions, under different physical conditions, 
and at very different doses. 

MSS is generated and exists in the well-defined confines of the cigarette and the 
mouth and the respiratory system of smokers. It is formed under conditions of high 
relative humidity, results in particulates with mean aerodynamic diameter of about 
0.7 ftm (Hiller et al, 1982), and is inhaled within a few seconds of its formation with 
little aging or intervening transformations. All this permits a rather precise definition 
of its chemical and physical nature (Dube and Green, 1982). 

On the other hand, any characterization of ETS must recognize its unstable and 
variable nature. The immediate dilution of side stream smoke with air begins a chain 
of physical and chemical transformations that continuously alter the ensuing ETS as 
it ages over hours. Smoker-exhaled mainstream smoke also contributes to ETS a certain 
fraction of gases and the small respirable suspended particulates (RSP) that are not 
retained in the lungs of smokers (Baker and Proctor, 1990). Actual SSS itself is difficult 
to define because its composition has been shown to vary under different conditions 
of experimental generation (Brunnemann et al., 1978; Eatough etal., 1990). Moreover, 
SSS is not indicative of the physical and chemical changes that occur in ETS as it 
continuously dilutes and ages. 

The experimental generation of SSS-ETS in laboratory chambers after the smoldering 
of a few cigarettes has provided some clues to the composition of ETS (Benner et al., 
1989; Eatough et al., 1989; Ingebrethsen et al, 1988; Pritchard et al.. 1988; Vu-Duc 
and Huynh, 1989; Ingebrethsen and Sears, 1985). Better experiments have been at¬ 
tempted in larger chambers where humidity, temperature, ventilation rates, and other 
variables could be controlled, also leading to a perception of the differential influence 
of these variables on ETS decay (Eatough el al., 1990; Baker and Proctor, 1990; Tang 
et al., 1988; Ingebrethsen et al., 1988). However, such data still fail to represent actual 
life conditions in real environments with a muhismokcr presence. No comprehensive 
studies have been published so far under such natural settings. The few available 
reports have attempted to measure only selected chemicals, sampled over variable but 
generally short periods of time, making them of dubious relevance to situations of 
prolonged exposure (Proctor etal, 1989a,b; Lofroth et al, 1988; Carson and Erikson, 
1988; Sterling et al:, 1988; Oldaker et al., 1987; Stehlik et al., 1982)^ In the future. 
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more useful data should come from real-life ambient conditions with smokers being 
present, where new ETS is continuously generated as aging ETS decays, eventually 
establishing quasi-steady-state conditions and an “average" chemical and physical 
composition of ETS. Thus far, only nicotine and RSP concentrations have been mea¬ 
sured with some appearance of accuracy under such conditions. 

While several thousand MSS components have been identified in the literature, 
only about 100 components of fresh SSS and EMS have been measured. In addition, 
only fragmentary information is available for diluted ETS components, most of which 
appear to be present—if at all—at levels beyond analytical capabilities (Guerin et al, 
1987; NRC, 1986; USSG, 1986; EPA, 1990a). Today only a few specific and some 
general inferences are possible about the differences of MSS and ETS. SSS, from which 
ETS mainly is derived; is generated under conditions of better oxygenation and contains 
proportionally less carbon monoxide than MSS. It also contains fewer products of 
pyrolysis and distillation, and undergoes immediate cooling and vast dilution with 
air, with the result that ETS-RSP have considerably smaller size than MSS-RSP, with 
mean aerodynamic diameters on the order of 0.1 or 100 to 200 times smaller in 
volume than MSS-RSP (Ingebrethsen et al , 1988; Ingebrethsen and Sears, 1985). 
Smaller panicles tend to evaporate faster and more efficiently than larger ones, so that 
many substances associated with MSS-RSP are more prevalent in the gas phase of 
ETS. This and the somewhat more alkaline conditions of SSS cause nicotine to appear 
in the ETS gas phase almost exclusively, while it is mainly associated with particulates 
in MSS. 

As ETS ages, panicle concentration and total mass decrease because smaller particles 
eventually coalesce, while mass is lost to diffusion/evaporation and to electrostatic 
and gravitational deposition (Hinds, 1978; Benner, 1989). The process continues with 
dynamics that depend on temperature, pressure and relative humidity, electrostatic 
conditions, ambient geometry and surface composition (furniture, fabrics, paints, 
crowding, etc.X ventilation rates, type and number of cigarettes smoked, mode of 
smoking, and other variables (Baker and Proctor, 1990). 

In time, ETS gases and RSP adsorb to ambient surfaces and are disposed of by 
ventilation, while adsorbed substances may again desorb and recirculate in gas or 
vapor form, as has been suggested to happen with nicotine. Complex chemical trans¬ 
formations also occur because of interactions among molecules, oxidation, and prob¬ 
ably photochemistry when UV radiation is present (Proctor, 1990). These continuous 
transformations occur at rates peculiar to each environmental situation and therefore 
result in physical states and chemical compositions that can be substantially different 
from place to place and from time to time. 

In general, the better measures and estimates of ETS pertain to suspended partic¬ 
ulates, a complex of substances that is apparently more stable and more measurable 
than individual substances. MSS-RSP appears to contain the smoke fractions capable 
of producing certain tumors in experimental animals. However, given that ETS and 
MSS have substantia] differences in component concentration and partitions between 
gas and paniculate phases, the issue of their relative biologic activity cannot be answered 
beyond some sensible conjecture. Past and also recent laboratory studies indicate that 
the biologic potencies of MSS-RSP and SSS-RSP seem virtually equivalent, with no 
detectable potency noted in the semivolatile fractions (Grimmer et al. 1988; Stanton 
et al., 1972). These data, however, pertain to the relative position of MSS-RSP and 
SSS-RSP condensates, and their relationship to ETS-RSP condensates has not been 
resolved. Other studies have reported that the in vitro mutagenic activity of MSS and 
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ETS may be roughly comparable, although the biologic significance of such data is 
speculative (Claxton et ai, 1989). 

MEASUREMENT OF EXPOSURE 


In the case of MSS the relative ratios of smoke components remain comparatively 
stable. Based on internal markers, the measurement of exposure and dose intake has 
been reasonably well defined, especially as pertains to RSP, nicotine, carbon monoxide, 
and other specific components (Gori; 1990); However, and despite several attempts 
at definition, selected markers have been rather disappointing surrogates for total ETS 
intake or exposure estimates. 

A reasonable environmental marker should be specific to ETS, be easily detectable, 
and have a nearly constant ratio to other ETS components (NRC, 1986). Given the 
variable chemical and physical nature and the extreme dilution of most components 
of ETS, it is not surprising that a satisfactory marker of exposure has not been iden tified. 
For that and other reasons, an internal marker of actual ETS intake or dose has proven 
to be even more difficult to identify. 

Most epidemiologic studies have measured exposure by means of recall question¬ 
naires, with results that are problematic even at qualitative levels. Aside from the 
inability of virtually all epidemiologic studies to define whether exposure or lack of it 
was correctly reported—especially with data from proxy respondents—the issues of 
intensity and duration of exposure have hardly been addressed by questionnaires. 
Even when problems of subject misclassification, respondent bias, and correction for 
background ETS exposure could be addressed, questionnaires have produced no more 
than rough indexes of exposure. The collection of dependable information on actual 
doses at specific target sites and at different times has not been possible (Wu-Williams 
and Samet, 1990; Cummings et al., 1989; McCarthy era/.. I987)i 

Hopes have been placed on nicotine and its metabolite cotinine as possible markers 
of ETS intake and actual internal dose (Cummings et ai, 1990; Jarvis, 1989; Coultas 
et ai, 1987; Jarvis et al., 1985; Hoffmann et ai, 1984). Unfortunately ETS-nicotine 
resides mostly in the gas phase and decays at rates quite different from other ETS 
components, to which it will have ratios that are variable in time and largely unpre¬ 
dictable (Tang et ai, 1988); Plasma cotinine levels suffer from similar and other short¬ 
comings, although they have been shown to correlate with self-reported exposure to 
ETS (Cummings et ai, 1990; Jarvis, 1989). Reports also suggest that physiologic clear¬ 
ance of nicotine and cotinine at low plasma levels may proceed at much slower rates, 
likely because of slower release from preferential body compartments (Lewis et al .. 
1990). Until these low-level kinetics are better understood, low plasma levels of nioodne 
and cotinine are likely to lead to substantial overestimations of intake doses. As such; 
nicotine and cotinine may provide a dichotomous index of contemporary exposure, 
but they remain inadequate as quantitative estimators of exposure, actual ETS dose, 
or their variation over an individual’s life. 

The ratio of ETS-nicotine to ETS-RSP has been suggested as a possible means to 
determine RSP intake from plasma nicotine levels, but such ratios appear too variable 
to be useful (Oldaker et al.. 1989). DNA and protein adducts have been proposed as 
markers of internal ETS dose, even though their specificity to ETS and their relationship 
to disease, especially to cancer, are in question (Randerath et al., 1989; Harris et al., 
1987). Moreover, recent studies have reported no increase in DNA adducts in non- 
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smokers exposed to ETS (Holz etal„ 1990). The reported mutagenicity of urine samples 
in ETS-exposed nonsmokers also has proven elusive as a marker, largely because 
results may not be distinguishable from background rates and because of interferences 
from dietary sources (Scherer et al., 1987, 1989; Mohtashamipur el al., 1987; Sorsa 
et aL 1985). 

There has been great interest in measuring ETS-RSP directly, since its physical 
properties make for more positive identification and because biologic activity may 
reside specifically in the particulate phase, both in terms of its components and in 
terms of its longer residence time and cellular contact in the lungs. However, suspended 
particulates in air may be derived from many sources, and measurements of ETS- 
RSP need to be corrected for non-ETS RSP background. Several studies have reported 
differential values in the same settings under smoking and nonsmoking conditions 
(Repace and Lowrey, 1980; Weber and Fisher, 1980; Sterling el a! 1987; Miesner, 
1988; Kirk et ah, 1988a,b; Turner^ 1988). It is obviously difficult to duplicate conditions 
of room occupancy, clothing, human traffic, ventilation, etc., where the only changing 
variable is smoking or not smoking. These problems have been much discussed, so 
that greater credibility can be accorded to the latest published studies. According to 
the more recent measurements of ETS-RSP in homes and workplaces, and allowing 
for differences of nonsmoking and smoking situations, a liberal estimate of ETS-at- 
tributable-RSP mean concentration in ambient air is less than 50 Mg/m 5 (Table 1). 

In regard to exposure to ETS gas phase components, it is enlightening to compare 
the concentrations of representative ETS components with the corresponding threshold 
limit values (TLVs), as established by the American Conference of Governmental and 
Industrial Hygienists for workplace safety. Incidentally, such values include consid¬ 
erable safety factors and are usually lower than the permissible exposure levels (PELs) 
established by the National Institute for Occupational Safety and Health (NIOSH) 


TABLE 1 

CONCENTRATIONS OF RSP FROM ETS AND OTHER SOURCES IN VARIOUS ENVIRONMENTAL SETTINGS 

With and Without Smoker Presence 




RSP concentration Gig/m 5 ) 

Reference 

Site 

No smoking 

Smoking 

Cbufui et a). (1990a) 

Homes 

NA 

17 

Sheldon et al. (1989) 

Homes 

22- 

65- 

SpengJer ft al. (1981) 

Homes 

NA 

20 

Spender ft al. (1985) 

Offices 

39* 

72- 

Proctor ft al (1989b) 

Offices 

8 * 

23* 

Oldaker ft al (1990) 

Offices 

NA 

27* 

Miesner (1988) 

Offices 

15* 

36* 

Sterling ft al. (1983) 

Office buildings 

15- 

29- 

Coultas ft al (1990b) 

Workplace* 

NA 

64- 

Oldaker ft al. (1990) 

Restaurants 

NA 

36* 

Crouse (1988) 

Restaurants 

NA 

34* 

Proctor (1990) 

Public transport 

14* 

36* 


Sene. NA, data not available or not applicable. 
•Based on total RSP. 

* Based on UV-RSP portion of total RSP. 
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and the Occupational Safety and Health Administration (OSHA). Table 2 gives some 
examples for selected indicator substances representative of related chemical families. 

The estimates in Table 2 assume maximum recorded SSS emissions, no ventilation, 
no surface adsorption, and no intervening decay of any sort. However, official reports 
give estimates of the range of the ratios of MSS/ETS concentrations for selected com¬ 
ponents (NRC, 1986). These were found to vary as follows: 

MSS/ETS ratios 


Nicotine 

57,333 

to 

7,200,000 

Benzo[fl]pyrene 

68 

to 

40,740 

Acrolein 

1,500 . 

to 

20,833 

Benzene 

112 

to 

7,167 

Acetone 

240 

to 

2,000 


Such values show the extremes of dilution that ETS has displayed under various 
conditions, and suggest that the number of cigarettes required to attain TLVs under 
realistic conditions would be orders of magnitude higher than the conservative estimates 
listed in Table 2. 

ESTIMATING RELATIVE DOSES OF MSS AND ETS RSP 

Although certain assumptions are necessary in estimating ETS-RSP doses, they are 
based on simple facts or on measurements that are fairly well verified. With this in 


TABLE 2 

Estimated Number of Cigar e tt es Required to Reach TLV Levels from SSS Emission of 
Selected Chemicals in a Sealed and TJnventilated lOO-m* Enclosure 


SSS component 

SSS output" 
(mg/rigarette) 

TLV* 

(mf/m’) 

Cigarettes 

required 

Methylchloride 

0.88 

10.30 

1,170 

Hydroqtxnione 

0.16 

2 

U50 

Cadmium 

0.0007 

0.01 

1.430 

Acetaldehyde 

1.26 

180 

1,430 

Acetic add 

1.5 

25 

1,660 

Nitrogen oxides 

2.8 

50 

1,780 

Formic add 

0.525 

9.4 

1,790 

Pyridine 

0.39 

16 

4,100 

Phenol 

0.25 

19 

7,600 

Methylamine 

0.1 

13 

13,000 

Benzene 

0.24 

32 

13,300 

Catechol 

0.14 

23 

16,500 

Nickd 

0.0025 

1 

40,000 

Dimethyiamine 

0.036 

18 

50,000 

Hydrazine 

0.00009 

0.13 

145,000 

Acetone 

1 

1780 

178,000 

Benzo{ a]pyrene 

0.00009 

0^ 

222,000 

2-Toluidine 

0.003 

9 

300,000 

Polonium 210 

0.4 pG 

3 pCi/lner' 

750,000 

Toluene 

0.000035 

375 

1,000,000 


- Dau from EPA (1990*), Table C-2, pp. C-19 and 20. 
* Dau from AOGIH (1990). 
r Based on the TLV for coal Ur pilch volatiles. 

4 EPA (1990c). 
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mind; such estimates seem reasonably realistic and less affected by obvious judgmental 
considerations. Nevertheless, in comparing RSP doses from ETS and MSS exposures 
it also seems reasonable to present results in analog form rather than as precise point 
estimates, in recognition of possible uncertainties. 

Assuming a prolonged daily exposure of 10 hr, a typical person would be exposed 
to a daily ETS-RSP dose of roughly G.3-0.4 mg after breathing ambient air with a 50 
Mg/m 3 ETS-RSP concentration, at the rate of about 0.7 m 3 /hr (Crawford-Brown, 1987). 
This is equivalent to over a 1000-fold reduction compared with the inhaled dose of 
the average mainstream smoker. 2 

However, an important difference relates to aerodynamic panicle size, which tends 
to reduce lung retention of the smaller and probably less charged ETS-RSP panicles 
(USSG, 1986). Indeed, available studies indicate an 80-90% efficiency of retention of 
mainstream smoke RSP in the lungs of smokers (Mitchell, 1962; Dalhamn et al:, 
1969; Hinds et at., 1983), while other studies show that only some 10% of RSP may 
be retained in the lungs of ETS-exposed subjects (Hiller et at., 1982). This retention 
differential has been recognized by the EPA (EPA, 1990a), even though reliable studies 
suggest a substantially greater difference (McAughey et at, 1989, 1990; Crawford and 
Eckerman, 1983). Therefore, based on mass alone, the average dose of ETS-RSP 
retained in the lung may be less than 1/10,000 of average MSS-RSP smoker doses. 

RSP retention, however, does not equate with tissue or individual cell dose, which 
is the important issue given that cancer is thought to begin with cellular events. Among 
other things, cell dose will depend on quantity available per cell; proximity to cell 
surface, cell surface exposed^ cell surface permeability, and duration of contact. Cellular 
dose is therefore modulated by mucociliary clearance and by the permeability of lung 
epithelium (Gerde et al, 1991). In this regard, published data indicate that average 
mucociliary clearance is some threefold greater in nonsmokers than in smokers (Vastag 
et at ., 1985; Foster et al., 1985), while average airway mucosal permeability appears 
to be about one third as great in nonsmokers as in smokers (Kennedy et at.. 1984), 
probably as the result of a thicker and more viscous mucous layer (Zayas et at., 1990). 
Although these studies involve a relatively small number of subjects, they indicate 
that the effective cellular dose in ETS-exposed nonsmokers may be further reduced 
by close to 90% when compared with active smokers, due to clearance and permeability 
factors alone. 

Together, these considerations suggest that the lung cell doses for average ETS- 
exposed nonsmokers are probably between 1/10,000 and 1/100,000 of equivalent cell 
doses for average mainstream active smokers. In practical terms, this implies an annual 
retained dose of tobacco smoke components equivalent to far less than the dose from 
the active smoking of one cigarette somehow evenly dispersed over a 1-year period 
(see Footnote 2)i 

MSS AND ETS: EPIDEMIOLOGIC COMPARISONS 

An annual ETS retained dose equivalent to the active smoking of less than one 
cigarette over the course of 1 year may be compared with the MSS dose /response 
associations reported with various health conditions. The limit of statistical significance 

* The average smoker of 30 cigarettes per day inhales some 30 mg of nicotine (Gori and Lynch, 1985). 
The sales-weighted average tar/nicoline ratio for the smoke of commercial agamies is 15-18 (FTC 1985). 
Therefore the average smoker inhales about 500 mg of ur daily. 







So * -r«f. 
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TABLE 3 

Maximum Levels of Daily Ogarftte Consumption at Which Lung Cancer Risk in Male 
Smokers May Not Be SignificantlyIncreased from the Risk of Nonsmokers, Based on Epide¬ 
miologic Data (See Footnote 3) 



* From Doll and Peto (1978). 

* From USSG (1979). pp. 5-13, Table 2. 
" From USSG (1982), p. 38, Table 6. 


for such associations would provide a reasonable index of comparison. For lung cancer, 
data from independent studies listed in U,S, Surgeon General Reports yield the results 
in Table 3, after analysis by standard analytical procedures. 3 

Official sources refer to the British doctors study as the most reliable set of data for 
dose/response analysis (EPA, 1990a). This prospective study appears to be adequately 
documented and offers a reasonably accurate tracing of subjects (Doll and Peto, 1978). 
Thus, data in Table 3 indicate that the active smoking of 4-5 cigarettes/day is not 
likely to be statistically associated with elevated lung cancer risk. This assessment, 
presented here without undue claim of precision, is in accord with other estimates 
(Wynder^ 1991). It suggests that since ETS retained doses are several thousand times 
less than MSS doses from this level of cigarette smoking, they appear insufficient to 
generate elevated risks oflung cancer. 

This conclusion is consistent with an increasing body of scientific opinion that MSS 
may act as a weak promoter rather than as an initiator, supporting the implication of 
no observable epidemiologic risk at low doses (Albert, 1989; Doll and Peto, 1981; 


* Individual studies were analyzed separately. Generally, for each study, the relative risk associated with 
the number of cigarettes consumed daily was listed. The Em step in the analysis was to fit the data to a 
function of the form 

R R-jU + AJ + AiX*, 

where RR is the relative risk, ><«,><,, and A 2 nre coefficients calculated by the maximum likelihood method, 
and X is the daily cigarette consumption. Cigarette consumption data are usually expressed in intervals, e^ 
1-9. The midpoint or the mean value of each interval X 1.25 was used in the calculation, justified by studies 
which indicate an average 30% underreporting of daily cigarette smoking (Hatziandneu el al, 1989; Li 
Vecchia, 1986; Jackson and Beaglehole, 1985). The highest consumption values are generally reported as 
open-ended, e.*., 40+, and here the midpoint was set at the given value plus 10, For the British doctors 
study the actual mean values of the intervals were available (Doll and Peto, 1978). The nonsmoker reference 
data points (0,1) were also entered in the regressions. Although other functions were examined, graphic and 
statistical analysis shows that the quadratic function provides an exceptionally good fit to the data, with a 
corrected multiple coefficient of determination dose to 1 in each case. Critical values of daily cigarette 
consumption were calculated as the values at which the lower bound of the 95% confidence interval of the 
estimated RR was unity. 
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TABLE 4 

Maximum Levels of Daily Cigarette Consumption at Which Risk for Coronary Heart Disease 
Mortality in Male Smokers May Not Be Significantly Increased from the Risk of Nonsmokers, 
Based on Epidemiologic Data (See Footnote 3 Y 


Reference 


Maximum cigareties/day 


U.S. veterans 
ACS, 9 states 
Japanese men 
Canadian veterans 
British physicians 
Swedish men 
California men 
Swiss physicians 


r Epidemiologic data from USSG (1983), p- I IS. 


Doll, 1978). Moreover, epidemiologic studies of MSS categorize exposure by number 
of cigarettes smoked, report multiannual exposure durations, and provide some evi¬ 
dence of commensurate latency times preceding diagnosis. By contrast; most non- 
smokers in households may be exposed to ETS for only a few hours a day, which 
would further tend to increase the distance between MSS and ETS doses. 

The daily levels of cigarette consumption compatible with no significantly increased 
risk for other diseases associated with active smoking appear to be of the same order 
as for lung cancer. Tables 4 and 5 report the analogous estimates for cardiovascular 
and respiratory disease mortality, with the implication that retained doses of ETS are 
unlikely to be associated with significant risk elevations for such diseases as well, 

CLOSING REMARKS 

Ordinarily it is extremely difficult to demonstrate the effects of an agent at low dose 
levels. Rather, after an effect becomes apparent at high doses, the interpretation is 

TABLES 

Maximum Levels of Daily Cigarette Consumption at Which Risk for Respiratory Disease 
Mortality in Male Smokers May Not Be Skjndtcantly Increased from the Risk of Nonsmokers, 
Based on Epidemiologic Data (See Footnote If 


Reference 


Chronic bronchitis 
U.S. veterans 
Canadian veterans 
Emphysema 
UiS. veterans 
Canadian veterans 
California men 
Bronchitis and emphysema 
British physicians 
U.S- veterans 


r Epidemiologic data from USSG (1984), p. 202. 


Maximum cigarettes/day 
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made that some effect, however small; would obtain at lower levels. Using some dose/ 
response model an estimate of the effects at low doses, often including some statistical 
confidence intervals, is attempted. 

The difficulty with low level determinations is that often the results fail to be sig¬ 
nificantly different from the null reference. In other words, the confidence limits of 
the effect would likely include the null reference, and/or the actual estimate of the 
effect might even be in the direction of protection instead of harm. Indeed, for most 
substances there is some threshold of tolerance below which the organism can cope 
without suffering adverse effects. For that matter it is apparent that levels at or below 
threshold might actually be beneficial in the sense of inducing and stimulating resis¬ 
tance. a process known as hormesis. This is in fact the case for virtually all beneficial 
and even essential substances, which would produce adverse effects when administered 
at excessive doses. 

The ETS of public health concern is what is presented to average nonsmokers under 
commonplace environmental conditions and not the exceptional examples that can 
be created in laboratories. With this stipulation, ETS is a very elusive entity, undergoing 
continuous transformations at extremes of dilution that make efforts to define its 
chemical, physical, and biologic characteristics highly difficult. While the components 
of MSS/SSS may also be present in ETS, it is also clear that with few exceptions they 
are undetectable by the most sophisticated analytical procedures. 

Despite these rarefied dilutions, an ETS hazard has been presumed from a conjectural 
association with MSS (EPA, 1990a,b; USSG, 1986; NRC, 1986). Central to this con¬ 
jecture is the presumption of an equivalent chemical and biologic activity of MSS and 
ETS, and of the absence of low doses below which risk would be null or intangible. 
However, current understanding of composition alone is not sufficient to compare 
activities among MSS, SSS, and ETS* and the actual testing in biological systems 
suffers for two main reasons: the need to utilize concentrated laboratory surrogates 
that may have little relevance to actual ETS, and the unresolved obstacles to interpreting 
high-dose-related animal or in vitro data in terms of equivalent human responses at 
extremely low doses. 

With this in mind, and even assuming that the biologic activities of MSS and ETS 
are of similar order, the reality of the extreme dilution of ETS remains. In this regard 
we have noted that current regulations allow workplace exposures to many ETS gas 
phase constituents at concentrations between thousands of and a million times higher 
than can be expected from commonplace ETS. 

We also offered evidence that if epidemiologic investigations of MSS and lung cancer 
had been confined to the effects of exposure to a few cigarettes daily, they would have 
failed to yield significant risk signals. Similar evidence has been shown to hold for 
other diseases associated with active MSS smoking. At the same time it is apparent 
that subjects included in ETS epidemiologic studies were probably exposed to equiv¬ 
alent MSS-RSP doses below even a single cigarette per year. Therefore, marginal RR 
values associated with ETS exposures should be imputed to biases, con founders, and 
other weaknesses of the investigations, and any judgment that ETS exposure leads to 
lung cancer and other diseases would flow from argument, not from credible data. 

In fact, the majority of epidemiologic studies of ETS suffer from what appear to be 
irreparable deficiencies. Earlier on we discussed the failure of epidemiologic studies 
in general to define exposure to ETS in terms of duration and intensity in any satis¬ 
factory way. The additional difficulties arising from misclassification of smoking status 
or ETS exposure have been amply described in the literature. The erroneous classi- 
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fication of actual smokers or former smokers as nonsmokers would have serious con¬ 
sequences on epidemiologic results, especially because smokers tend to be married to 
smokers. The National Research Council Committee on Passive Smoking outlined 
the knowledge that would be necessary to assess the impact of classification bias, 
namely, the proportion of the sample that was misclassified, the proportion of male 
and female subjects, the proportion of married couples that have the same smoking 
habits, and the relative lung cancer risk of misclassified smokers and nonsmokers 
(NRC, 1986). Although it is self-evident that knowing all this would eliminate clas¬ 
sification bias, these variables have not been measured or reported in studies and 
therefore are subject to conjectures and assumptions that, however educated, have led 
to very different assessments (NRC, 1986; Lee, 1987a). In this regard it is possible to 
state only that misclassification bias is difficult to assess but very probable, and its 
impact could be of sufficient magnitude to explain the marginal lung cancer RRs 
reported by some ETS studies (Lee, 1987b). 

An even greater prejudice to the credibility of ETS epidemiologic studies derives 
from their failure to account and control for the possible confounding by many in¬ 
dependent risk factors. For lung cancer, a selected list of these is given in Table 6. 

Since many of the RRs in Table 4 are substantially larger than any reported for the 
association of lung cancer and ETS, even weak contributions by combinations of these 
confounders would be cumulative and could be more than sufficient to explain the 
marginal lung cancer risks that some epidemiologic studies of ETS have reported. In 
fact it is likely to be so, because these studies have not controlled for the factors of 
Table 4 in any meaningful or comprehensive way, while other investigations provide 
evidence that several of those risk factors cluster and selectively segregate in families 
with smokers (Subar et aL 1990; Morabia and Wynder, 1990; Sidney et al, 1989; 
Whichelow et al:, 1988, 1991; Koo et al.. 1988; Pisani et al., 1986; Friedman et al.. 
1983). For cardiovascular diseases the independent risk factors reported in the literature 
number over 200, many of which are the same as apparent lung cancer risks (Hopkins 
and Williams, 1981). For respiratory diseases analogous independent risk factors have 
been identified; ranging from genetic to soriologjc, to dietary and environmental con¬ 
ditions, also likely to cluster in households with smokers (Shilling et al., 1977; Comstock 
et al., 1981; Morris et al., 1990; Schwartz and Weiss, 1990). 

It should be clear that the seemingly insurmountable difficulties in measuring ETS 
exposures and doses, unresolved classification bias, and the inability to control for 
numerous independent confounders explain the inconsistency of weak ETS epide¬ 
miologic results and speak against scientifically credible conclusions about a risk that, 
if real at all, remains imponderable. 

Indeed, the only justifiable conclusion is that this issue cannot be resolved scientif¬ 
ically on the basis of currently available information. Moreover, exposure and dose 
considerations alone seem to indicate that ETS is an insignificant entity among the 
substantial mass of exogenous and endogenous challenges to health that we contin¬ 
ually face. 

Hypothetical! risks from feeble ETS exposures have been postulated only by pre¬ 
suming what is merely possible, even if extremely unlikely, as opposed to what is 
scientifically demonstrable and probable. Although at times politically tempting, such 
hypothetical presumptions are not science and should be resisted. If accepted, they 
are likely to foster irrational fears, not the enlightened prudence that responsible public 
health policy should cultivate. 










iff 


_ __...... r , 




TSr-^ 



Source: https://www.industrydocuments.ucsf.edu/docs/szpx0000 


2023513310 







Mfiui^ia 






D 

i 

i, 

e 



2 


MAINSTREAM AND ENVIRONMENTAL TOBACCO SMOKE 99 

TABLE 6 


Retorted Independent Risk Factors for Lung Cancer 


Factor 

Reference 

Maximum RR 
reported 

95% a 

Family history of lung 

Samet et al. (1986) 

5J 

(2-2-12.8) 

cancer 

Ooi a al. (1986) 

2.4 



Horwitz et al. (1988) 

2.8 

< 1.0—7.7) 


W u et a/, (1988) 

3.9 

(2.0-7.6) 

Family history of 

Wu et al. 1988) 

10.0 

(1.1-90.1) 

tuberculosis 

Sakurai et al (1989) 

6.4 



Gao etal. (1987) 

1.7 

(L1-Z4): 


Hinds et al. (1982) 

12 

0-3-M.4) 

0-carotene/vitamin A 

Byen et a!. (1987) 

0.3 

{P - 0.06 trend) 

deficiency 

Pastorino et al. (1987) 

0.2 



Wu fl fl). (198S) 

04 

(0.2-0.9) 


Ziegler et al. (1986) 

12 


Alcohol intake 

Pollack et al. (1984) 

2.19 

(13—5.0) 

Dietary choksterol/fal 

Goodman et al. (1988) 

22 

(13-3.8) 

Dietary fat intake 

Wynder el al. (1987) 

4-6 


Pork meat intake 

MetUin (1989) 

2.4 

(I.4-4.2) 

Vegetable diet 

Jain et al. (1990) 

0.6 

(0.4-0.88) 


Le Marchand et al. (1989) 

0J 

(P - 0.009 trend) 

Fruit intake 

Koo (1988) 

0.4 

(0.2-0.9) 

Milk intake 

MetUin (1989); Mcnlin etal. (1990) 

Zl 

(i.4-3a> 

Hormone therapy in women 

Adami et al. (1989) 

U 


Cooking methods 

Gao et al. (1987) 

1.4-2.6 

(1.1-5.0) 


Gen( er al. (1988) 

5,6 

(3.4-9.1) 


Sobuc et al. (1990) 

1.9 

( 1 . 1 - 3 . 3 ) 


Mumford et al. (1987) 

2-3 


Radon 

Ediin « a/. (1984) 

43 

(1.7-10.6) 


Lees et al. (1987) 

2.4 

(0.8-7.1) 

Occupation 

Kvale et al. (1986) 

Z6 


Motor exhaust exposure 

Hayes et al. (1989) 

1.3 

<l-2-1.9) 

Socioeconomic class 

Brown et al. (1975) 

Z6-3.8 


Ventilatory function 

Lange et al. (1990) 

2-4 


Cardiac anomalies 

Tenkanen et al. (1987) 

Z4 


Physical inactivity 

Albanes et al. (1989) 

1.6 

(1-2-3^) 


Severson et al. (1989) 

1.4 

(1-0—2-1) 

Psychosocial traits 

Kulessa et al. (1989) 

2-3 


Urban/runl risk ratio 

Shy (1984) 

1.2-ZS 
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Abstract 

Scientific information on environmental tobacco smoke (ETS) is critically reviewed. Key areas addressed 
axe: differences in chemical composition between mainstream smoke, sidestream smoke, and ETS; techniques 
for measurement of ETS; epidemiology; in vitro and in vivo toxicology; and chamber and held studies of 
perceptual or physiological effects. Questions concerning estimation of ETS exposure, suitability of various 
biomarkers, calculation of lifetime dose, control of confounding variables, use of meta-analysis, and the 
relationship between ETS concentrations and human responses all emphasize the need for additional research 
in order to assess potential effects of ETS on health or comfort. 

1Keywords, Smoke chemistry; epidemiology; toxicology; sensory; measurement techniques; environmental! 
tobacco smoke (ETS) 


Introduction 

Reports that nonsmokers experience acute and 
chronic health effects from tobacco smoke are rel¬ 
atively recent additions to the scientific literature. 
Reported acute effects include upper airway reac¬ 
tions as well as perceived odor and irritation. Epi¬ 
demiology studies have reported associations be¬ 
tween exposure to environmental tobacco smoke 
(ETS) and lung cancer, cardiovascular disease (CVD), 
and other respiratory diseases. In addition, a limited 
number of studies have been conducted on animals 
exposed to surrogate aerosols of ETS. 

In 1980, White and Froeb (148) concluded that 
nonsmokers who were exposed to tobacco smoke in 
the workplace had significantly reduced small-air¬ 
way function. In 1981, it was reported in 2 articles 
(63, 136) that nonsmoking wives of smokers were 
at increased risk of developing lung cancer. Studies 
reporting respiratory symptoms and assessing pul¬ 
monary function of children in smoking households 
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date from the 1970s (27, 80, 122, 131). The first 
reports of studies to assess the relationship between 
exposure to tobacco smoke and cardiovascular dis¬ 
ease in nonsmokers appeared in the 1970s (2, 70, 
115 ), 

The scientific literature on ETS has grown rapidly 
and today comprises thousands of articles. Reviews 
and assessments of these publications are also nu¬ 
merous, both in the US and internationally (33, 52, 
72, 101, 138). Two reports produced in 1986 under 
federal government sponsorship concluded that ETS 
causes nonsmokers to have increased risk of lung 
cancer and increases respiratory infections and 
symptoms in children of smokers (101, 138). More 
recently, the Environmental Protection Agency is¬ 
sued a draft report estimating that 3,800 US lung 
cancer deaths per year are attributable to ETS (139). 

Most of the research reported to date concerning 
ETS and health effects is from epidemiology studies. 
These individual epidemiology studies, however, 
have not provided a clear picture of relative risks 
associated with ETS exposure. The results are often 
inconsistent; and where there are reports of asso¬ 
ciations, those associations are very weak. Conse¬ 
quently, a variety of techniques, including meta- 
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Table I. — Diet and lung cancer risk. 


Study, 

Dietary factor 

Relative nsk/odds ratio' 

Fraser et al (44) 

Low fruit consumption 

3.83, p - 0.0003 

Sakai(117) 

Consuming the aloe pUnt 

0.5, p < 0.1 

MetUin (98) 

Consumption of whole milk 

2.14 


Consumption of low-fat milk 

0.54 

Hole et al (66) 

Low cholesterol level 

Increased risk in those who smoke >15 cigarettes per 
day. 

Connett et al (28) 

Low serum beta-carotene 

2.32 

Marchand et al (91) 

Low beta-carotene intake (men) 

1.9 (95% C.I. 1.1-3.2) 


Low beta-carotene intake (women) 

2.7 (95% Cl. 1.2-6.1) 

Kune et ml (78) 

Serum beta-carotene 

Scrum vitamin A 

Patients had significantly lower levels than controls. 

Koo (76) 

Low fruit consumption 

2.4, p < 0:002 


Low fish consumption 

2.8, p < 0:017 

Goodman et al (50) 

High intake of cholesterol and fat 

2.2 (95% C.l. 1.5-3.8) for men only 

Pasiorino et a! (110) 

Low plasma retinol 

1.13 


Low retinol intake 

3.27 


Low plasma beta-carotene 

5.04 


Low beta-carotene intake 

2.93 

Bond eta! (12) 

Low vitamin A intake 

2.0 

Byers et al (16) 

Low dietary fat intake 

0.5 


Low fruit and vegetable consumption 

1.8 

Wynderet al (151) 

Calories from dietary fat (by country) 

Highly significant positive association {p < 0:0001) 



with national lung cancer mortality rate. 

Menkes et al (97) 

Low serum beta-carotene 

4.30 (95% C.l. 1.38-13.41) 


Low serum vitamin E 

2.5 (p- 0.04) 

Pisani et al (M2) 

Low carrot consumption 

2.9, p < 0,01 for current smokers 

Chrisley et a! (23) 

Low vitamin B-6 level 

All 12 cancer patients and none of the control'sub¬ 
jects had vitamin B-6 inadequacy. 

Ziegler et al (155) 

Low carotene intake 

1.4 (p-value for trend - 0.03) for squamous cell car¬ 
cinoma. 

Hinds el al (62) 

Low vitamin A intake 

2.0 (95% C.l. 1.2-3.5) 


Low carotene intake 

2:2 (95% C.L 1,3-3.7) 

Byers et al (15) 

High vitamin A intake 

0.73 for squamous cell carcinoma 


* For a complete description of the calculation of relative risks and oddi ratios see Feinstein (39). 


analysis, have been employed to evaluate these 
studies as a whole, in an attempt to provide greater 
statistical confidence in the findings. 

This report briefly examines some of the diffi¬ 
culties in analyzing and interpreting the scientific 
literature on ETS and offers suggestions to overcome 
some of these limitations. In particular, it explores 
the following considerations: 

1) In studying the hypothesis of an association 
between ETS exposure and the development of 
chronic disease, it is particularly difficult to account 
for confounding risk factors and the relative con¬ 
tribution of these factors. 

Epidemiological studies of associations between 
ETS exposure and adult chronic disease have typ¬ 
ically used the smoking status of household mem¬ 
bers as the index of exposure. The reported relative 
risks or odds ratios have generally been no larger 
than 2.0, approximately the same magnitude as con¬ 
founding lifestyle factors (Tables MV). In addition, 
there is evidence that many of these confounders 
are non-symmetrically distributed between smoking 
and nonsmoking households (see Epidemiology sec¬ 
tion)^ 

2) Significant chemical, physical, and physiolog¬ 
ical differences (e.g., component phase distribution. 


particle size, concentration, and inhalation/depo¬ 
sition patterns) between ETS, mainstream (MS) cig¬ 
arette smoke, and freshly generated sidestream (SS) 
smoke preclude using MS or SS as simple surrogates 
for ETS. These differences also make evidence from 
studies exploring the effects of active smoking of 
limited value in drawing conclusions about ETS (51, 
53). 

3) Lifetime ETS dosimetry in a given nonsmoker 
is difficult to determine. 

4) There is general agreement that meta-analyt- 
ical techniques should follow certain established 
guidelines to increase confidence in the results. The 
lack of homogeneity within the reported ETS epi¬ 
demiological studies renders meta-analysis prob¬ 
lematic. 

5) Sensory irritation associated with exaggerated 
ETS concentrations (1CM00 times that found in field 
studies) does not provide a basis for drawing con¬ 
clusions about the sensory effects of ETS at real' 
world concentrations. 

Quantitative Differences Between 
ETS and MS Smoke 

Laboratory research on ETS has been limited by 
the use of surrogate aerosols that are likely to have 


Source: https://www.industrydocuments.ucsf.edu/docs/szpxOOOO 


2023513318 



Vol. 20, No. 2, 1992 


ENVIRONMENTAL TOBACCO SMOKE 


291 


Table II.—Occupation and lung cancer risk. 


Occupational exposure 

Study 

Relative nsk/oddi ratio 

Welders 

Breslow etal (13)' 

7.7 


Lerchen el al (84) 

3.2 (95% C.I. 1.4-7.4) 


Buiaui ci al (14) 

2.8 


Tola el al (135) 

7 observed* 2 expected (p < 0.01) 


Hull et al (68) 

1.7 {p < 0.05) 

Painters 

Lerchen et a! (84) 

2.7 (95% Cl. 0.8-8.9) 


Engholm et al (37) 

1.26 

Painters, plasterers, and wallpaper hang¬ 
ers 

Fanners 

Zahm et a] (154) 

2.0 (95% C.I. 1.2-3.3) 

McDuffie el al (95) 

“Patients were consistently exposed more 
frequently to herbicides (p - .05), grains 
{p < .015), and diesel fuels (p < .005), 
and were consistently exposed to greater 
numbers of chemicals than were siblings 
(p < .005)/’ 

Pesticide applicators 

Vineis et al (140) 

2.1 (95% C.I. 0.5-8.5) 

Railroad workers exposed to diesel'ex¬ 
haust 

Garshick et al (46) 

1.45 (95% Cl. l.Uui.89) 

Chlorinated toluene workers 

Sorahan and Caiheart (127) 

1.80 (p < 0.05) 

Chloromethyl ether workers 

Maher and DeFonso (88) 

2.79 (p < 0.01) 

Steel workers exposed to acid mists 

Beaumont et al (8) 

2.00 (95% C.L 1.06-3.78) 

Pottery workers exposed to silica and 

Thomas and Stewart (133) 

3.64 among those exposed for 15 or more 

talc 


years. 

Ceramic workers exposed to silica 

Forastiere et al (43) 

2.0 (95% CL 1.1-3.5) 

Brick plant workers exposed to silica 

Puntoni et al (114) 

1.83 

Asbestos 

Sluis-Cremer and Bczuiden- 
hout (126) 

3.75 

New Mexico uranium miners 

Samet et al (120) 

4.1 (95% CL 3.2-5.2) 

Indoor radon 

Samel (119) 

“Estimates of the lung cancer risk associated 
with average lifetime radon exposure 
range from 0.1% to 1.0%/’ 


different biological activities than ETS. A clear dis¬ 
tinction should be made between mainstream (MS) 
cigarette smoke, sidestream (SS) smoke, and ETS. 

ETS is the aged, diluted mixture of exhaled MS 
smoke and SS smoke. MS smoke, SS smoke, and 
ETS are largely composed of the same chemical 
compounds (4, 6, 35). However, because ETS is a 
highly diluted, dynamic mixture, it differs greatly 
from MS smoke and SS smoke in concentration, 
phase distribution, and component particle size (6, 
51, 105). 

The differences in phase distribution primarily 
result from 2 factors: the dilution (approximately 
100-1,000 times) of ETS components, and differ¬ 
ences in pH between MS smoke (below 7.0) and SS 
smoke (above 7.0). These physicochemical differ¬ 
ences affect the volatility and phase transfer prop¬ 
erties of ETS components. 


The high degree of ETS dilution can be seen by 
comparing the concentration of individual MS com¬ 
ponents to the concentration of the same ETS com¬ 
ponents. These differences can approach 3 orders of 
magnitude (Table V). 

In addition to phase and concentration differ¬ 
ences, panicle size differences between ETS, MS 
smoke, and SS smoke affect the bioavailability and 
therefore the biological activity of smoke compo¬ 
nents. 

Relative humidity in the human respiratory tract 
approaches 100% (40, 51). In this environment, par¬ 
ticles of freshly generated MS smoke increase in size 
because of coagulation and water acquisition. When 
exhaled, these enlarged particles (20-25% larger than 
the inhaled panicles) almost immediately lose water 
and other volatile components to the atmosphere 
by evaporation. As a result, their size decreases. 


Table IIIl. —Genetic factors and lung cancer risk. 


Relative risk/ 


Genetic factor Study odds ratio 

Family history Tokuhata and Lilienfeld (134) 2.7 

Ooi ct ai (108) 2.4 

Samet et al (118) 5.3 

McDuffie et al (96) 2.0 

Rapid metabolism of the Ayesh el al (5) 4.5 

dhig Debrisoquine Caporaso et al (19) 
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Table IV — Poor lung function as a lung cancer risk 
factor. 


Study 

Risk factor. 

Kuller et al (77) 

“Smokers in the lowest quintile of forced 
expiratory volume in one second 
(FEV,) were seven times more likely 
to die of Uing cancer than those in the 
highest two quintiles, P s 0.001 for 
linear trend.” 

Cohen et al (26) 

After adjustment for age, sex, race, and 
smoking, the first-degree relatives of 
lung-cancer patients and of patients 
with chronic obstructive pulmonary 
disease were found to have signifi¬ 
cantly higher rates of impaired forced 
expiration than first-degree relatives 
of patients with non-pulmonary dis¬ 
ease. 

Guirgis et al (54) 

These authors observed an increased fre¬ 
quency of pulmonary diseases in the 
relatives of lung cancer patients. 


Note—peak lun* function at maturity can be influenced by many factor*, 
including: genetics, childhood respiratory infection, diet; exercise, pre¬ 
mature birth, history of adult lung disease (pneumonia, tuberculosis), and 
environmental exposures. 

Similarly, freshly generated SS particles—origi¬ 
nally about the same size as freshly generated MS 
particles—also diminish in size as they lose volatile 
components, including nicotine, to the atmosphere. 
Through these evaporative processes, the mass mean 
aerodynamic diameter of SS particles formed during 
smolder is reduced 40-50% (71). 

Measurements in active smokers have reported 
MS particle phase retentions ranging from 40% to 
90% (61). When measured experimentally, ETS par¬ 
ticle retention was found to be 11% (60). 

Measurement Techniques for ETS 

Accurately measuring ETS exposure is problem¬ 
atic. Various techniques have been evaluated and 
employed to measure ETS in an attempt to over¬ 
come the general difficulty of measuring minute con¬ 
centrations of individual components in complex 
mixtures. 

Chemical and biological estimate's of ETS expo¬ 
sure have been reported. The most widely utilized 
chemical markers of ETS are nicotine and respirable 
suspended particulates (RSP). These components 
have been used to represent the vapor and partic¬ 
ulate phases, respectively, of the ETS aerosol. Air¬ 
borne nicotine, however, does not maintain a con¬ 
stant ratio to other vapor phase components (102). 
Furthermore, isolating ETS as a source of RSP is 
mitigated by the fact that other sources of particles 
are usually present. ETS typically contributes less 
than half of the total particles in indoor environ¬ 
ments where smoking is allowed (34, 106, 113), Bet¬ 
ter chemical markers for ETS particle phase expo¬ 
sure that are under development include sotanesol 


Table V.—Dilution factors: MS components inhaled 
by a smoker versus ETS components inhaled by a non- 
smoker breathing ETS-containing indoor air. 


Tobacco smoke component 

MS/ETS dilution factor. 

Nicotine 

57,333-7,200,000 i 

Acrolein 

1,500-20,833 

Benzene 

112-7,167 

Acetone 

240-2,000 

Benzo(a)pyrene 

68-40,740 


Dau arc taken from National Research Council data (101). 


and ultraviolet particulate matter (106 )l 3-Ethen- 
ylpyridine is being investigated as a more precise 
indicator of vapor phase components (103). 

Biological markers that have been used to mon¬ 
itor exposure to ETS include carboxyhemoglobin in 
blood; urinary mutagenicity, as measured by the 
Salmonella assay; and concentrations of nicotine 
and a major metabolite, cotinine, in blood, urine, 
and saliva (56). In 1984, Matsukura et al (93) re¬ 
ported that cotinine could be used to indicate non- 
smoker exposure to ETS. In 1989, Curvall (30) re¬ 
ported the use of trans-3'-hydroxycotinine as a more 
reliable indicator of ETS exposure than cotinine, but 
neither nicotine nor its metabolites can be used to 
quantitatively assess ETS exposure (104). 

Further research is underway to establish bio¬ 
markers that are specific to tobacco smoke, repro¬ 
ducible, and proportional to the original concentra¬ 
tion of ETS as a function of time. Currently, there 
are no accurate measures available to either chem¬ 
ically or biologically quantify ETS exposure. 

Epidemiology 

A number of challenges remain in order to per¬ 
form reliable epidemiological studies of the poten¬ 
tial association between ETS exposure and the de¬ 
velopment of chronic disease. These include 
improvements in lifetime dosimetry estimates and 
in adjustments for potential confounders. 

Determining Lifetime ETS Exposure 

A reliable lifetime exposure estimate is essential 
in studying the potential association between any 
compound and chronic disease. With the exception 
of certain acute respiratory conditions, the diseases 
that have been reported to be associated with ETS 
exposure are of a chronic nature and develop over 
a period of many years. 

Several technical problems make estimates of life¬ 
time ETS dosimetry difficult; 1) Current exposure 
is not necessarily a good indicator of past exposure. 
2) Self-administered questionnaire and interview 
data are generally less reliable than biochemical 
measures of exposure. 3) Estimates of household 
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exposure or workplace exposure do not consider 
other potential sources (e.g., bars, restaurants, etc.) 
of exposure that would alter the total dose. 

Although it would be very difficult to overcome 
these technical problems in any epidemiological 
study, suggestions to partially address these diffi¬ 
culties include: 1) Analytical measurements of am¬ 
bient ETS concentration should be taken in both 
the homes and the workplaces of cases and controls. 
2) A reliable biological marker of ETS exposure 
should be measured from fluid or tissue samples 
taken from the subjects to confirm exposure. 3) Sub¬ 
jects should be interviewed, whenever possible, be¬ 
cause data on past exposure are more reliable when 
collected by trained interviewers than by self-ad¬ 
ministered questionnaire (55,87, 121). If the subject 
is not available, the subject’s spouse is the relative 
of choice to interview. 

Adjusting for Potential Confounders 

Because the relative risks or odds ratios for human 
diseases reported to be associated with ETS expo¬ 
sure are typically no larger than the risks for con¬ 
founding lifestyle factors, epidemiological studies of 
the association between exposure to ETS and chrom 
ic disease should be designed to maximize data quaL 
ity and statistical power. 

Several investigators have reported that smokers 
as a group have life-styles that put them at greater 
risk for chronic disease than nonsmokers, indepen¬ 
dent of smoking (36, 79, 124, 147). The life-styles 
of families of smokers and families of nonsmokers 
also differ. In 1987, Perusse et al (111) demonstrated 
familial aggregation in physical fitness, coronary 
heart disease risk factors, and pulmonary function 
measurements. In 1989, Myers el al (100) reported 
results from the Framingham Study suggesting that 
there is a familial similarity in lipoprotein choles¬ 
terol levels. 

Other authors have reported significant dietary 
differences between the families of smokers and the 
families of nonsmokers. Sidney et al (125) observed 
that the self-reported dietary intake of carotene is 
lower in nonsmokers exposed to ETS at home than 
in nonsmokers not exposed to ETS at home. These 
authors also found a higher proportion of current 
alcohol consumers and slightly higher mean body 
mass index in the exposed subgroup, despite its con¬ 
siderably lower age. 

The ETS and chronic disease epidemiology stud¬ 
ies conducted to date have not adequately controlled 
for all of the known confounding variables. When 
interpreting these studies, Angell’s caveat (3) should 
be noted —“although there are statistical methods 
for neutralizing confounding variables, they are not 
perfect, and they are of no use whatsoever unless 


the confounding variables are known and mea¬ 
sured.” 

ETS and Lung Cancer 

At least 31 spousal studies have compared the 
risk of lung cancer in nonsmoking spouses of smok¬ 
ers to the risk in nonsmoking spouses of nonsmok¬ 
ers. These studies reported relative risks ranging from 
0.7 to 2.55. Twenty-five of the studies reported no 
statistically significant increase in risk. On average, 
the 6 studies reporting an increase show an associ^ 
ation generally less than 2.0 between spousal smok¬ 
ing status and lung cancer. 

Although epidemiology studies do not establish 
causal relationships, the spousal studies do not make 
clear whether the reported associations are indica¬ 
tors of risk of ETS exposure, indicators of risk of 
spousal smoking status, or methodological artifacts. 
Because of inherent difficulties in interpreting any 
weak epidemiologic association and specific diffi¬ 
culties with the spousal studies, ETS/lung cancer 
epidemiology studies should contain the following 
elements: 1) Histological confirmation by a pathol¬ 
ogist that the reported lung cancer cases are primary 
lung cancers. 2) Histological categorization of the 
primary lung cancer. 3) A “best estimate” of lifetime 
ETS exposure in cases and controls, taking into ac¬ 
count factors mentioned earlier. 4) Demographic 
information concerning age, gender, ethnic origin, 
body mass index, etc. 5) Reliable estimates of the 
following reported lung cancer risk factors for both 
cases and controls: genetic predisposition as mea¬ 
sured by family medical histories, air pollution, oc¬ 
cupational carcinogens, long-term dietary habits, and 
peak lung function at maturity, exercise habits, prior 
lung disease (Tables 1-1V). 

ETS and Cardiovascular Disease (CVD) 

To date, at least 10 epidemiology studies have 
examined the association between ETS and heart 
disease. Of the 4 studies conducted on men married 
to women who smoke, 3 (47, 83, 130) have 95% 
confidence intervals that go below 1.0. The 95% 
confidence interval of the fourth study (59) has a 
lower limit value of 1.1. 

Of the 8 studies conducted on women married to 
men who smoke, 5 (45, 47, 64, 69, 83) have 95% 
confidence limits that either include or go below 1.0. 
The 95% confidence intervals of the other 3 studies 
approach 1.0, with lower limit values of 1.1 (59), 
1.2 (92), and 1.3 (57). The 1 study that combined: 
men and women (65) reported a 95% confidence 
interval with a lower limit of 1.2. All of these studies 
are either statistically insignificant at the 95% level 
or have lower limit values that approach' 1.0. 

Three studies (45, 47, 130) have reported positive 
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associations (that were not significant at the 95% 
level) between exposure to ETS and CVD that are 
stronger than CVD risks reported in cigarette smok¬ 
ers (137). This anomalous result may suggest meth¬ 
odological problems with these studies. 

Future biochemical epidemiology studies on ex¬ 
posure to ETS and cardiovascular disease should 
place greater emphasis on atherothrombotic, rather 
than just atherogenic, endpoints. Some degree of 
atherosclerosis is prevalent in males in Western so¬ 
cieties, and atherothrombotic endpoints can be 
measured from blood samples and can be followed 
sequentially. Relevant atherothrombotic endpoints 
of interest in an ETS exposure study should include 
total peripheral white blood cell count, fibrinogen 
level, and possible indicators of platelet aggregation 
(32, 38, 74, 132). 

Platelet aggregation has often been cited as a po¬ 
tential atherothrombotic event (74). The presence 
or absence of platelet aggregation after cigarette 
smoking can be experimentally determined, but its 
biological significance remains controversial. In ad¬ 
dition, measurements of prostacyclin and throm¬ 
boxane do not address whether the platelets of 
chronically smoke-exposed individuals are tolerant 
to chemical stimulators of aggregation. 

ETS and Respiratory Health in Children 

Hood et al (67) recently reviewed the epidemio¬ 
logical literature on ETS exposure and respiratory 
health in children. These authors stated: 

There appears to be a consistent association between 
parental (primarily maternal) smoking and respira¬ 
tory symptoms and certain diseases in preschool chil¬ 
dren (44 reports). On the other hand, there is no 
consistent association between parental smoking and 
(1) respiratory symptoms or disease (46 reports); (2) 
middle ear disease (17 reports), (3) pulmonary func¬ 
tion (38 reports), or (4) lung growth and development 
(5 reports) in. school-age or older children. 

An epidemiological association between ETS ex¬ 
posure and respiratory disease endpoints in children 
is difficult to determine because there are many pos¬ 
sible factors in early lung impairment. Some factors 
that should be controlled in such an ETS epide¬ 
miology study include (94): 1) Mechanical trauma 
and hyperoxia on the premature lung (bronchopul¬ 
monary dysplasia). 2) Lung restriction that retards 
lung growth (pectus excavatum, congenital dia¬ 
phragmatic hernia, congenital lobar emphysema). 
3) Hypoxia that retards the subsequent structural 
and functional development of the pulmonary vas¬ 
culature. 4)i Airway inflammation in infancy that 
reduces subsequent airway function. 5) Maternal 
malnutrition or poor prenatal care during pregnan¬ 


cy. 6) Malnutrition during periods of rapid lung 
growth during infancy and early childhood. 

In addition, such infectious exposures as measles, 
pertussis, adenovirus, etc., should also be deter¬ 
mined in both the controls and the cohort under 
study. No study conducted to date has controlled 
for all of these risk factors. 

As with lung cancer and heart disease, the differ¬ 
ences in life-style between the families of smokers 
and the families of nonsmokers necessitate the con¬ 
sideration of potential confounders when investi¬ 
gating childhood respiratory disease. The socioeco¬ 
nomic status of the household and cross-infections 
from parents and siblings are particularly difficult 
to disentangle in these studies of acute effects. 

ETS and Respiratory Health in Adults 

Respiratory diseases and symptoms in either 
healthy or compromised adults exposed to ETS have 
not been as widely studied as in children. No clear 
picture emerges from an analysis of the approxi¬ 
mately 40 published papers on this subject, because 
the literature reports positive and negative associ¬ 
ations as welt as nonassociations. 

The ETS studies on adult respiratory health are 
influenced by many ofthe same potential confound¬ 
ers as the childhood studies, but there are at least 5 
factors that may be of increased importance in con¬ 
sidering design of ETS studies in adult populations: 
1) Presence of adult lifestyle confounders (e.g., al¬ 
cohol consumption, caffeine consumption, hobbies 
such as woodworking and ceramics, etc.)i 2) Oc¬ 
cupational exposures to lung irritants. 3) Difficulty 
in obtaining accurate lifetime medical histories. 4) 
Greater difficulty in estimating current and past ETS 
exposure because of the increased mobility of adults. 
5) Increased possibility of psychological aversion to 
ETS, resulting in exacerbation of reported symp¬ 
toms. 

In vitro Studies on ETS 

In vitro techniques have been used for many years 
to assess the mutagenicity and cytotoxicity of com¬ 
pounds and complex mixtures. There may be no 
consistent correlation between the carcinogenicity 
of a chemical compound in animal tests and positive 
genotoxic or cytotoxic in vitro results (1). Nonethe¬ 
less, valuable mechanistic information can some¬ 
times be obtained from the results of these tests. 

Recently, the biological activity of ETS was as¬ 
sessed using a cellular smoke exposure technique 
that utilized exposures to ETS of 1.5 mg/m 3 , ap¬ 
proximately a 15-fold increase over real-life mea¬ 
sured levels of RSP, of which ETS comprises at most 
50% (11): Effects of this ETS concentration were 
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compared to those of room air. ETS was not cyto¬ 
toxic (neutral red assay), mutagenic (Ames tests us¬ 
ing the TA98 strain with S9 metabolic activation) 
or clastogenic (sister chromatid exchanges). 

Animal Studies on ETS 

Several nose-only inhalation exposure studies of 
MS smoke have reported histopathological changes 
of the respiratory tract and related organs in several 
species. 

A 14-day inhalation study in rats was recently 
conducted to determine whether ETS would pro¬ 
duce similar results (24). This study used SS smoke 
that was aged and diluted (ADSS) to closely ap¬ 
proximate the phase distribution and concentra¬ 
tions of ETS components. Animals were exposed 
nose-only, inside whole-body chambers, to ADSS 
from the 1R4F reference cigarette. Endpoints in¬ 
cluded histopathology, CO-oximetry, plasma nico¬ 
tine and cotinine, clinical pathology, and organ and 
body weights. The only pathological response ob¬ 
served was slight to mild epithelial hyperplasia and 
inflammation in the most rostral part of the nasal 
cavity, in the high exposure (100 x ‘Teal-life’*) group 
only. No effects were noted at medium (10 x) or low 
(1 x) exposures. The minimal changes noted were 
reversible. 

A 90-day study by Coggins et al (25) using the 
same ADSS concentrations produced similar re¬ 
sults, with no histopathological progression noted. 
In addition, no new histopathological changes were 
observed at 90 days. These results are in agreement 
with von Meyerinck et al (141), who conducted a 
90-day SS smoke study on rats and hamsters utiliz¬ 
ing an exposure of 4.0 mg/m 3 in which the only 
histopathological changes observed were reversible 
hyperplasia and metaplasia of the epithelium cov¬ 
ering the dorsal nasal turbinates in the rats. 

Lee et al (81) examined DNA adducts and alve¬ 
olar macrophage cytogenetics in the rats from the 
14-day inhalation study conducted by Coggins et al 
(24). Exposure-related adducts were not observed 
in any of the animals at 0.1 or 1.0 mg/m 3 ; these 
figures represent ambient and a 10-fold exaggeration 
for measured ETS concentrations, respectively. 
Slight diagonal radioactive zones, characteristic of 
adducts observed in animals in smoke exposure 
studies, were observed, but only in lung and heart 
DNA of animals exposed to the highest concentra¬ 
tion of ADSS (IQ 1 mg/m 3 ), a 100-fold exaggeration 
of typical field measurements of ETS. No elevation 
in chromosomal aberrations was observed in the 
alveolar macrophages. These results are consistent 
with the histopathology data in support of a no- 
observed-effect-level (NOEL) of 1.0 mg/m 3 . 


Meta-analysis 

Meta-analysis is a collection of statistical proce¬ 
dures for combining and'analyzing data from “sim¬ 
ilar” studies. It is contrasted with primary analysis 
(the original analysis of data from a single study) 
and secondary analysis (the re-analysis of original 
data by a different technique, for another purpose 
or by another investigator) (48). 

Most often, meta-analysis operates on summary 
statistics of primary studies—correlation coeffi¬ 
cients, p-values, relative risks, or contingency ta¬ 
bles—as opposed to a pooled compilation of raw 
data from individual studies (58). Meta-analysis is 
almost exclusively applied to derive a single con¬ 
solidating statistic that represents the significance of 
an intervention effect (e.g., symptom remediation 
under a prescribed treatment regimen) or to derive 
a relative risk for exposure to a particular agent 
(128). 

Sacks et al (116) have cited the following objec¬ 
tives of meta-analysis: 1) to increase statistical pow¬ 
er for primary endpoints and for subgroups, 2) to 
resolve uncertainty when repons disagree, 3) to im¬ 
prove estimates of effect size, 4) to answer questions 
not posed at the stan of individual trials. 

Several researchers have provided guidelines for 
proper application of meta-analytic techniques (10, 
22, 42, 73, 109, 116, 152, 153). The guidelines of 
Sacks et al (116), as presented by Fleiss and Gross 
(42), are paraphrased below: 

Study Design 

The design of the meta-analysis should include a 
protocol prepared before study initiation. The pro¬ 
tocol should describe the purpose of the meta-anal¬ 
ysis, the methods for obtaining published data, a 
list of all studies found, criteria for exclusion of 
studies not pooled in the meta-analysis, and sum¬ 
mary data on clinical and demographic character¬ 
istics in the studies. 

Combi nability 

Researchers should report their criteria for wheth¬ 
er individual studies are sufficiently “similar” to be 
combined. This includes the calculation of a statis¬ 
tical homogeneity/heterogeneity index. 

Control and Measurement of Potential Bias 

One important potential source of bias in meta¬ 
analysis is the selection of the studies that are in¬ 
cluded. Selection or rejection should be based on 
the methodology of the studies (not on their results). 
Bias may also arise in extracting data from individ¬ 
ual studies. To minimize “extraction bias,” 2 or 
more investigators should independently review the 
studies and attempt to reach consensus. Sources of 
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funding for the meta-analysis should also be iden¬ 
tified. 

Statistical Analysis 

An appropriate statistic for averaging “within- 
study” differences (analysis of variance or Mantel- 
Haenszel) should be employed. Point and interval 
estimates, in addition to overall significance tests, 
should be reported. The question of statistical power 
should be addressed, especially when a weak or in¬ 
significant association is predicted by the meta-anal- 
ysis. Subgroup associations hypothesized a priori 
should be meta-analyzed (i.e., the decision to study 
specific subgroups should be made before the results 
of the full meta-analysis are known). 

Sensitivity A nalysis 

Studies should be analyzed in more than 1 way 
(different statistical tests, assumptions, or criteria) 
to confirm qualitative agreement. The potential im¬ 
pact of publication bias (the rejection by publishers 
of studies that fail to show an effect) and “the file- 
drawer phenomenon” (the tendency of authors to 
not submit for publication studies that fail to show 
an effect) should be carefully assessed. The quality 
of the individual studies should be assessed (weight¬ 
ed) and incorporated in the final conclusions. 

Application of Results 

Once the pooled statistics have been obtained, the 
investigators should carefully evaluate the results for 
procedural rigor and overall validity, questioning 
whether a definitive answer has been provided, or 
whether further studies are needed. 

Some authors have also emphasized the follow¬ 
ing: 1) the importance of including only random¬ 
ized studies in a meta-analysis (153), 2) the value 
of displaying data graphically (10, 42), 3) the im¬ 
portance of searching both the published (peer-re¬ 
viewed) and unpublished (theses, regulatory docu¬ 
ments, etc.) literature for data (10,153). In addition, 
the quality of the meta-analysis cannot exceed the 
quality of the component data sets. 

Meta-analysis has recently been applied to the 
epidemiology of lung cancer in relation to ETS (9, 
42,85,86,101,139, 142,146). These meta-analyses 
were based on a variety of assumptions and correc¬ 
tions, and they used different protocols, subject pop¬ 
ulations (overlapping to various extents), and meta- 
analytie tools. 

All meta^analyses found summary risk ratios less 
than 2.0 (most less than 1.5) for nonsmoking women 
married to smokers. All meta-analyses used at least 
1 of the 2 procedures developed by Mantel and 
Haenszel (90) or Yusuf et al (153). Lctzel and Uberla 
(86) used both procedures, in addition to Fisher’s 
p-value method (41). 


The meta-analyses of the National Research 
Council (NRC) (101), the Environmental Protection 
Agency (EPA) (139), Wald et at (142), Wells (146) 
and Blot and Fraumeni (9) predicted lower 95% 
confidence limits above unity, indicating statistical 
significance for increased risk. The lower confidence 
limits of Letzel et at (8 5) and Fleiss and Gross (42) 
were below unity, indicating non significantly in¬ 
creased risk. 

All relative risks calculated were small (150). The 
fragility of such small increased risks (89) indicates 
the need for statistical power analyses and further 
epidemiology (42). 

Many questions remain about meta-analytic the¬ 
ory and application (21, 42, 49, 116, 128). Most 
practitioners of meta-analysis question the propri¬ 
ety of combining studies of widely variable study 
populations, methodologies and controls. 

Among the more important questions raised by 
meta-analysis of ETS studies are how to account for 
variances in the quality and size of component data 
sets, how to correct for publication bias, how to 
account for potentially confounding variables in the 
individual and overall statistics (42), and how to 
assess the overall homogeneity/heterogeneity of 
studies. 

Misclassification bias has also been suggested as 
a potential source of error in ETS epidemiology (82), 
Finally, Fleiss and Gross (42) stress the need for 
data adjustment for misclassification of case-control 
status and exposure level 

Short-term Effects of ETS Exposure 
Background 

ETS may have both perceptual and reflexive ef¬ 
fects in nonsmokers. Nonsmokers may perceive 
odor, nasal irritation^ and eye irritation; in some 
cases, they may also see ETS. Reflexive responses 
that have at least been anecdotally associated with 
ETS include increased eye blinking, tearing, runny 
nose, cough, headache, and upper airway changes 
such as bronchoconstriction. All of these effects are 
influenced by both the smoke concentration and 
individual differences in sensitivity to ETS. 

Although information on the prevalence of any 
of these effects in work or any other environment 
is scant, some laboratory experiments on responses^ 
to ETS have been reported. These can be divided ^ 
into those that emphasize perceptual effects and those 
that deal primarily with physiological or pharma-C/l 
cological measurements of upper airway function, 

CJ 

Perceptual Studies 

In a number of studies reported in the past 10- £0 
12 years, ratings of odor and irritation were mea-^ 
sured over ranges of concentrations of true ETS or 
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machine-generated SS smoke. In several of these 
studies, the nonsmokers were also asked to rate the 
annoyance from, or acceptability of, chamber air 
after smoke was produced. Most often, carbon mon¬ 
oxide (CO) concentrations were used as a measure 
of smoke concentration. Estimates of the smoke 
concentrations used in these studies, relative to those 
found in actual smoking environments, may be made 
by comparing the average nicotine and RSP con¬ 
centrations reported in a series of recent field-sam¬ 
pling studies (20, 29, 107) with those measured in 
a recent laboratory study (143). This comparison 
indicates that ETS concentrations corresponding to 
elevations of —0.15-0.30 ppm CO might be rep¬ 
resentative of office and restaurant smoking envi¬ 
ronments. Because all reports of the perception of 
ETS employed concentrations much higher than this, 
these studies provide an incomplete understanding 
of the perceptual effects from environmentally re¬ 
alistic exposures. Nonetheless, several findings from 
this line of research are worthy of note: 

1) With combinations of smoking and ventila¬ 
tion rates that result in CO concentrations of 2 ppm 
or lower, 90% of chamber occupants report being 
satisfied with the air, at 5 ppm CO, satisfaction de¬ 
clines to 75% (18). 

2) Filtration to remove paniculate matter from 
SS smoke at 10 ppm CO greatly reduces ratings of 
perceived! eye or nasal irritation (144). Relatively 
smaller declines in odor and irritation were seen 
with paniculate matter removal at lower (2 and 5 
ppm CO) concentrations of ETS (18). 

3) Eye blink rate and changes in respiratory be¬ 
havior are of little value as physiological correlates 
of perceived irritation in nonsmokers exposed to 
environmentally realistic levels of ETS. Both mea¬ 
sures are largely unaffected unless concentrations at 
Jeast 20-fold higher than real world levels are em¬ 
ployed (75, 99, 143-145). 

4) Prolonged exposure (at least 30 minutes) to 
constant ETS concentrations of I..3-10 ppm CO re¬ 
sults in gradual increases in perceived eye and nasal 
irritation (18, 99). 

5) The single most sensitive measure of ETS an¬ 
noyance, particularly at lower concentrations, is 
odor. There is some evidence that the intensity, 
rather than the quality, of the odor is the more im¬ 
portant determinant of nonsmokers’ annoyance (17), 

The research by Cain et al (17, 18) that indicated 
a key role of odor in ETS complaints, employed 
ETS concentrations in the range of 2-5 ppm CO. 
When lower concentrations, more closely approxi¬ 
mating those in office smoking environments, are 
presented ini future studies, one would expect the 
relati ve importance of odor to increase substantial¬ 
ly. Considerations of the meaning of nasal or eye 
irritation ratings should await the collection of data 


at these lower concentrations. Ideally, future studies 
in this area should also determine the ETS concen¬ 
tration thresholds for odor, irritation, and more 
“global” measures such as annoyance or acceptabili¬ 
ty. 


Attempts to produce asthmatic responses or other 
changes in upper airway function in nonsmokers 
have used concentrations of machine-generated SS 
smoke in the range of 8.7 (129) to 50 (149) ppm CO 
and have produced equivocal results. In 14 asth¬ 
matics (4 of whom reported that ETS aggravated 
their symptoms), SS smoke concentrations of ap¬ 
proximately 24 ppm CO did not alter forced expi¬ 
ratory volume in 1 second (FEV,) or maximal ex¬ 
piratory flow rate at 50% of vital capacity (Vmax50) 
(123). Wiedemann et al (149) exposed 9 asthmatics 
(6 of whom reported that ETS “bothered” their asth¬ 
ma) to SS smoke concentrations corresponding to 
40-50 ppm CO. These exposures did not result in 
changes in FEV, or VmaxSO, but they did produce 
a 2% decrease in forced vital capacity (FVQ. A 
slight decrease in nonspecific bronchial reactivity 
(measured via methacholine bronehopro vocation) 
was also reported. Dahms et al (31) reported de¬ 
creases of 21.4 and 20%, respectively, in FEV, and 
FVC in 10 asthmatic patients (5 of whom reported 
that ETS exacerbated their asthmatic symptoms) 
when exposed to calculated SS smoke concentra¬ 
tions of 15-20 ppm CO. Stankus et al (129) tested 
21 asthmatics who reported that their symptoms 
were exacerbated by ETS. Fourteen subjects showed 
no response to SS smoke concentrations as high as 
13.3 ppm CO. Of the remaining 7 subjects, 2 showed 
a decline of at least 20% in FEV, with an 8.7 ppm 
CO exposure and 5 required a concentration of 13.3 
ppm CO to exhibit the same response. 

Some research into the possible effects of smoke 
on inflammatory or allergic responses in the nasal 
cavity has been reported recently. Bascom et al (7) 
found no evidence for an allergic response to SS 
smoke concentrations corresponding to 45 ppm CO. 
Rhinorrhea symptoms and increased nasal resis¬ 
tance were reported in subjects who considered 
themselves “ETS-sensitive” at this same concen¬ 
tration. 

As with the laboratory studies of sensory re¬ 
sponses to ETS, the need for research into the pos¬ 
sible upper airway effects of ETS at concentrations 
in the range of those encountered in actual smoking 
environments is apparent. 

Conclusion 

Although the scientific literature concerning ETS 
and its association to human health continues to 
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grow at a dramatic pace, the difficulty in interpreting 
the results of these studies leaves many important 
questions unanswered. Moreover, results from sci¬ 
entific studies conducted to date do not sufficiently 
support conclusions concerning health effects that 
might be associated with exposure to ETS. Addi¬ 
tional research would prove fruitful in this regardi 

Basic questions concerning reliable estimates of 
ETS exposure, the appropriateness of various bio¬ 
markers, the calculation of lifetime dosimetry, the 
control of confounding factors, the use of meta-anal^ 
ysis, and the relationship between ETS concentra¬ 
tions and human sensory perceptions emphasize the 
need for additional investigation before conclusions 
about potential effects of ETS on health or comfort 
can be made. 
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CRITIQUE 


Justice, Science, and the “Bad Guys” 

When accused of a new offense, does someone 
regarded as a “bad guy” have the right to due process 
and a fair trial? If such a right is inherent in the legal 
systems of civilized society, is it also a pan of justice 
in the “courts” of scientific evaluation? I ask these 
questions because, in private conversation, I re¬ 
cently heard an authoritative leader in the world of 
public health epidemiology make the following 
statement: “Yes, it’s rotten science, but it’s in a 
worthy cause. It will help us get rid of cigarettes and 
become a smoke-free society.” 

The statement, of course, referred to the data and 
evaluations assembled in the past few years for ac¬ 
cusations about what is formally called environ¬ 
mental tobacco smoke and informally designated as 
passive smoking* According to the accusations, this 
type of exposure causes at least 2 of the prime evils 
hitherto attributed to direct smoking: lung cancer 
and cardiovascular disease. In fact, several of the 
recent cardiovascular studies found risks that were 
even higher for passive smokers than for direct 
smokers. (The authors tactfully refrained, however, 
from stating the implicit conclusion that people who 
cannot avoid passive exposure should lower their 
risk by beginning to smoke directly.) 


A new part of the current indictment is the claim 
that passive smoking is responsible for respiratory 
and otologic difficulties in children. Because young 
children so rarely engage in direct smoking, pedia¬ 
tricians have hitherto had little participation, in the 
research industry devoted to studying cigarettes. 
Now, with open hunting season declared on the ef¬ 
fects of passive smoking in children, a fertile new 
opportunity has arisen for selfless public service, 
fame, grants, and publications. 

Nevertheless, if the science is as “rotten” as the 
public health authority admitted, does the end really 
justify the means? If objectivity, precautions against 
bias, and careful operating guidelines are essential 
for a “bad guy” to get fair treatment in a court of 
law, should those principles be abandoned or abol¬ 
ished when the “bad guy” is in a court of science? 

A peripheral inspection, without any in-depth ap¬ 
praisals, of the current accusations about passive 
smoking would suggest that many scientific prin¬ 
ciples have vanished. I shall cite 3 overt examples: 

1) Many of the pediatric researchers seem un¬ 
aware of the frequent disparity between symptoms 
and objective evidence of ailments whenever people 
are passively exposed to a “bad guy.” Perhaps the 
most striking demonstration of this phenomenon 
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The statement, of course, referred to the data and 
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cusations about what is formally called environ - 
mental tobacco smoke and informally designated as 
passive smoking. According to the accusations, this 
type of exposure causes at least 2 of the prime evils 
hitherto attributed to direct smoking: lung cancer 
and cardiovascular disease. In fact, several of the 
recent cardiovascular studies found risks that were 
even> higher for passive smokers than for direct 
smokers. (The authors tactfully refrained, however, 
from stating the implicit conclusion that people who 
cannot avoid passive exposure should lower their 
risk by beginning to smoke directly.) 


A new part of the current indictment is the claim 
that passive smoking is responsible for respiratory 
and otologic difficulties in children. Because young 
children so rarely engage in direct smoking, pedia¬ 
tricians have hitherto had little participation in the 
research industry devoted to studying cigarettes. 
Nbw, with open hunting season declared on the ef¬ 
fects of passive smoking in children; a fertile new 
opportunity has arisen for selfless public service, 
fame, grants, and publications. 

Nevertheless, if the science is as “rotten” as the 
public health authority admitted, does the end really 
justify the means? If objectivity, precautions against 
bias, and careful operating guidelines are essential 
for a “bad guy” to get fair treatment in a court of 
law, should those principles be abandoned or abol¬ 
ished when the “bad guy” is in a court of science? 

A peripheral inspection; without any in-depth ap¬ 
praisals, of the current accusations about passive 
smoking would suggest that many scientific prin¬ 
ciples have vanished. I shall cite 3 oven examples: 

1) Many of the pediatric researchers seem un¬ 
aware of the frequent disparity between symptoms 
and objective evidence ofailments whenever people 
are passively exposed to a “bad guy,.” Perhaps the 
most striking demonstration of this phenomenon 
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occurred in a classic and scientifically superb; epi¬ 
demiologic field investigation on "Subjective Fears 
and Objective Data.” In that landmark study, Spitz- 
er et al (4) showed the excessive frequency with 
which'residents of a Canadian community, exposed 
to "sour gas” fumes from a nearby mine, com¬ 
plained of diverse ocular, respiratory, neurolbgic, 
and other symptoms for which no objective pa¬ 
thology could be found. In an analogous control 
community elsewhere, where residents were ex¬ 
posed to the same degree of emissions but where 
their evils had not been publicized, the prevalence 
of analogous symptoms was substantially lower. 
Nevertheless, no attention seems to have been given 
to this phenomenon when symptoms were evalu¬ 
ated for children exposed to the presumptive evil 
of passive smoking. 

2) In meta-analyses of passive smoking studies, 
as recently pointed out by Fleiss and Gross (2), the 
investigators have complied with almost none of 
the scientific guidelines established for this type of 
research. While agglomerating masses of data ob¬ 
tained without randomized trials, the meta-analysis 
have also given little or no attention to the fre¬ 
quently stated guideline that randomization is a sine 
qua non for the scientific credibility of a meta-anal¬ 
ysis. 

3) A fundamental rule in criteria for causality is 
that the evidence from different studies consistently 
goes in the same direction. This consistency in dif¬ 
ferent investigations of direct smoking was one of 
the key supports in the Surgeon General^ Com¬ 
mittee’s original decision (5) to label cigarettes as a 
“bad guy.” In the investigations of passive smoking, 
however, the various studies are contradictory, some 
going in positive directions and others not. The in¬ 
convenient failure of the evidence to comply with 
a prime requisite of scientific reasoning for causality, 
however, has not inhibited the causal accusations. 
The “prosecution” has simply ignored the incon¬ 
venient results and emphasized those that are (in a 
memorable term) “helpful.” 

Aside from the problems of getting a fair trial in 
a court of law, does a “bad guv” also have the right 
to get a lawyer? If this principle is also a traditional 
bulwarkin systems of justice, what kind of “lawyer” 
will be available in scientific courts if the act of 
defending a “bad guy” is almost universally regard¬ 
ed as depraved: and immoral? For example, in the 
current fervor of antLsmoking evangelism^ what 
young scientists would want to risk their careers and 
what older scientists would want to risk their rep¬ 
utations by doing anything that might be construed 
as support for the “bad guys” of the tobacco indus¬ 
try? What governmental agency would fund research' 
in which the established “accepted” anti-smoking 


doctrines were threatened bv a study proposed 1 bv 
someone —an obviously deranged skeptic —who 
wanted to do an unbiased, objective investigation? 

The governmental agencies that fund scientific 
research were once expected to be above the battle, 
uncommitted, and devoted to seeking truth, how¬ 
ever it might be foundi For diverse political, social, 
and fiscal reasons, however, those agencies have of¬ 
ten'in recent years become mechanisms of advocacy 
rather than scholarship, pursuing goals of policy 
rather than science. 

Any organization that'is under attack—a govern¬ 
mental agency, a foundation, a university, a political 
group, even a profit-making industry—is always giv¬ 
en the right to defend itself by getting a "lawyer.” 
who is usually called a “consultant.” This right is 
apparently also denied to the tobacco “bad:guys.” 
Like any other group under attack, the “bad guys” 
would like to get a respectable, competent consult¬ 
ant—in this instance, an academic or federal in¬ 
vestigator of impeccable credentials, who has never 
been tainted by anything other than federal grants, 
and! who is preferably so disinterested as to believe 
perhaps that Philip Morris signed the Declaration 
oflndependcncc and that R.J. Reynolds manufac¬ 
tures aluminumi In the current atmosphere, how¬ 
ever. the consultant’s stature, credibility, and integ¬ 
rity become instantly impugned and tarnished by 
the depravity of associating with the tobacco “bad 
guy.“ 

Another interesting principle is that no one seems 
troubled when a “good guy” does things that arc 
feared as the behavior of a “bad guy/' For example, 
the National Institutes of Health (NTH) regularly 
conducts “consensus conferences” in which the main 
goal is a press release and published document in¬ 
tended to impress Congress into larger allocation of 
research funds. The assembled participants for these 
conferences are usually investigators beholden to the 
NIH for grants (or hopeful of getting them). No one 
compldins that the methods exemplify poor science; 
the goals and morals are serene. laudable, worthy. 
No one seems troubled when a federal agency ex¬ 
ercises tight censorship over the work of its grantees, 
as in later years of the Framingham epidemiologic 
study. Yet large outcries of immorality arise when 
an investigator doing pure research in basic human 
biology accepts funds from the Tobacco Industry, 
given with no strings, no censorship, and complete 
scientific liberty to pursue the work wherever it leads. 

In such an atmosphere, “bad guys” who believe 
they are getting a “bum rap” willi defend themselves 
as best they can. There thus appears, in this issue 
of this journal, a review of passive smoking written' 
bv four people (3) who have the worst possible back¬ 
ground for scientific acceptability. They are not even 
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“hired-gun” outside consultants; they are actually 
directly employed by the tobacco industry. 

Many readers will adamantly refuse even to ex¬ 
amine a report from such sources. The few who 
actually begin reading will probably do so with 
clenched teeth and firm preconceptions. Neverthe¬ 
less, if science depends on evidence and reasoning, 
rather than on the sponsoring source, the report is 
a fascinating document. Expecting a partisan polem^ 
ic, I found it surprisingly even-handed, well con¬ 
structed, and well written. It is certainly much better 
in all these respects than analogous documents pre¬ 
pared by the allegedly disinterested and dispassion¬ 
ate evaluators at governmental agencies. In fact, if 
the report by Smith et al (3) were published anon¬ 
ymously, with no identification of the authors or 
their employer, it might well be lauded as an ex¬ 
cellent or even model review of the topic. 

Instead^ however, what the authors have prepared 
will probably be instantly dismissed because it comes 
from the “bad guys,” and because they failed to do 
the self-immolation that would have gained ap¬ 
proval in the scientific policies of the current status 
quoi Beyond the authors’ sin of engaging in rational 
self-defense, the editor of this journal will probably 
be pilloried for publishing the report, and I expect 
my own share of slings and arrows for failing to 
castigate it and for even hinting that it may be a 
worthwhile scientific document. 

If public health and epidemiology want to avoid 
becoming a branch of politics rather than science, 
the key issues are methods and process (1) not the 
“goodness” of the goals or investigators. In science 
even more than law, the “bad guy” (often appearing 
as a counter-hypothesis, paradigm shift, or skeptical 
evaluation) should always have the right to state his 
case, and a well-stated case has the right to be heard, 
regardless of who pays for it. 

Besides, the “bad guys” sometimes turn out to be 
correct. Galileo was assailed by the Church when 
he doubted Earth’s centrality in the solar system; 
Semmelweis was denounced by obstetricians when 
he said their inadequately cleansed hands were 
transmitting disease; Florence Nightingale was de¬ 
tested by the British establishment when she cam¬ 
paigned for better sanitation of water and sewage; 


and Joseph Goldberger was deemed a .fanatical nui¬ 
sance when he questioned an esteemed epidemio¬ 
logic commission’s report that pellagra; was an in¬ 
fectious disease. 

Just as “bad guys” are sometimes right, the “good 
guys” are sometimes wrong. The history of medicine 
and public health is replete with the errors (some¬ 
times harmful blunders) committed by revered, re¬ 
spectable leaders in the field. The most recent mem>* 
orable public events were the unnecessary, fallacious 
hysteria about the hazards of Agent Orange, and the 
needless evacuation of homes (and harm to lives) 
by residents of an entire town in Missouri, respond¬ 
ing to the mistaken zeal of a governmental agency. 

The “bad guys,” of course, are not always right, 
but if they are denied a fair and proper scientific 
hearing, neither society nor science will benefit. So¬ 
ciety is entitled to make political decisions based on 
advocacy. The scientific basis for those decisions, 
however, should depend not on political advocacy, 
but on scholarship—no matter how it is produced 
or by whomi 
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DISCUSSION 

These calculations have shown that tnisclassificalion of smokers as nonrsmokors, 
coupled with beiwccn-spousc smoking habit concordance, may cause an apparent 
increase in risk of lung cancer among non-smokers married lo smokers similar to 
that observed cpidcmiologically. Several points arise: (a) the interviews were carried 
out in a non-emotivc, non-health context. In the cotininc study, the subjects were 
unaware their answers were going to be verified; (b) bias may arise because of 
misclassification for any reason. In (his study, data-liandling errors were minimised 
by careful processing; (c) the increased concordance for heavier smokers may ex¬ 
plain (he higher observed risk of lung cancer seen in non-smokers married lo heavy 
smokers; (d) in this study, for women, the increase in salivary cotininc associated 
with spouse smoking was about 0.2% of that associated with active smoking, mak¬ 
ing a 30°/o increase in lung cancer risk from passive smoking very unlikely. 

It is concluded that most or all of the apparently increased risk of lung cancer in 
self-reported non-smoking women married to smokers is attributable to bias. 
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SUMMARY 

The effects of selection, confounding, misclassification and hias must he eliminated Truiii case-comml 
studies of ‘passive smoking’ qnd lung cancer before a meaning hi I interpretation can be made. Mi\ 
classification includes the misclassification of the subject’s non smoking stains, pi the disease status or 
of the spouse’s smoking habits. This paper shows that inflation of the amount smoked by the husbands 
of female lung cancer eases may base accounted for the apparent dose*response’ relation'hips m \ 
widely referenced case-control studies. 


INTERPRETATION OE CASEXONTROl. Kt SUI TS 

Much of the literature on the association of ’passive smoking* with limp cancer 
consists of case-control studies of non-smoking women in which exposure to en¬ 
vironmental lobacco smoke (ETS) from the husband's smoking is retrospectivclv 
estimated by interview of the subject or, if deceased, of a close relative or friend. 
Apparent ‘dose-response’ relationships are taken as supporting the claim ihat ex¬ 
posure to ETS increases the risk of lung cancer, i.e., a causal:interpretation. This 
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paper considers I he contribution which differential misclassification of exposure 
mi eh! make to these results. 

Consider the stapes leading to a subject's enrolment in one of these studies. A sub¬ 
ject must first be a patient in the selected hospital or hospitals and .agree lo par¬ 
ticipate in the study. She must he listed in hospital records or tumor registries ns 
having been diagnosed with the index disease for eases or controls and must satisfy 
specified demographic criteria with regard to sex. age (possibly) and marital status. 
In addition, each potential subject must have been listed in hospital records as a 
non-smoker (Ij or he classified as one at interview (note that 40% of women with 
lung cancer, classified as ‘non-smokers’ in hospital records, had been smokers at 
some time or still were, whereas only 8.5% of non-smoking controls were similarly 
rnisclassified |lj). Next, the respondent must be selected. This may be the subject 
herself or her next of kin. The subject's exposure to ETS, usually from her husband, 
is estimated by interviewing the respondent. The interview may be structured and 
follow a carefully designed questionnaire or be relatively unstructured. 

Each of these stages presents an opportunity for selection bias and misclassifica¬ 
tion errors to occur. A case-control study of female lung cancer and exposure to 
ETS therefore presents ample opportunity for artifacts to generate statistically 
significant results. In addition, confounding may also mimic ‘dose-response’ 
effects. 

Biased selection of subjects and confounding 

Cases, defined as currently married lifelong nonsmoking female lung cancer pa¬ 
tients, are rare and are not typical of the population. Their ‘achieved St alas’ |2) and 
that of the controls may introduce selection bias into the study. In addition, hus¬ 
band’s smoking has been shown to be confounded with age, marital status, educa¬ 
tion, alcohol and marijuana use [3j. Husbands and wives share the same life style. 
ETS may therefore be a ‘marker’ for some other factor. 

Misclassification 

Misclassification of the subject’s diagnosis, her smoking status or of her ETS ex¬ 
posure may occur. Thus, Weiss (4) high lights misclassification of the subject’s 
disease status, her ETS exposure or both as possible explanations for the results 
found in the epidemiological literature. Misclassification has been shown to at¬ 
tenuate (i.c., underestimate) the true relative risk [5|. By converting to fixed end 
points, Kraemcr |6) has shown that this is true for all measures of association, when 
misclassification is randomly distributed. Such results assume, however, that the 
misclassification occurs at the same rale and in the same direction in cases and con- 
trbls. Misclassification of smoking wives as non-smokers is known to occur [7, 8). 
If the.wife of a smoker gives up smoking or denies smoking and is consequently 
rnisclassified as a non-smoker rather than an ex-smoker or current smoker, her 
subsequent lung cancer may be associated, in fact, with her smoking rather than 
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with her exposure lo her husband’s smoking. When hospital records arc used to 
classify subjects, .substantive misclassification is likely |*>|. It has been repotted |IO| 
that, since husbands and wives tend to share smoking habits, as little as 5% 
misclassification among eases can produce a risk ratio of 1.42 in the absence of any 
effects whatever from exposure to ambient tobacco smoke. 

Misclassification may also occur in classifying exposure to husband’s smoking, 
especially if the next of kin responds for a deceased subject (more likely for lung 
cancer cases than for controls). The respondent is not ‘blind’, i.c., the respondent 
knows whether the subject has or had lung cancer or the ‘control’ disease. In this 
situation it is postulated that a respondent will tend to inflate the amount smoked 
by the husband for eases, but not for controls. This is called ‘differential 
misclassification’. As epidemiologists have long recognised, ‘when differential 
misclassification occurs (as in selective recall in case-control studies) the bias can be 
in either direction and can be great’ |ll). 

METHODS 

In the following we estimate the amount of differential misclassification required 
to mimic the reported results in 3 studies. It is noteworthy that in no study to date 
has the ETS exposure been measured directly. Rather, a coarse grouping of the 
amount smoked by the husband is used. This classification is derived from a respon¬ 
dent’s answers to questions on the husband's long-term smoking habits, and is. in 
fact, only weakly associated with the ETS exposure of the non-smoking wife. In 
fact, 47% of currently non-smoking wjvcs of smokers report less than I h pci week 
ETS exposure in the home (3). 

The estimation of differential misclassification rates from ease control studies rc^ 
quires an assumption to reduce the number of parameters. Wo assume that the 
classification of a ease’s ‘exposure’ is biased upwards and that there is no 
misclassification among controls. Here the husband’s smoking habits arc catcgori/ : 
cd so that i- 0 represents a non-smoker, / = I a light, occasional or ex smoker and 
increasing amounts of smoking. Now let P,f), represent the proportion of 
eases and controls, respectively, where the husband’s smoking level is classified ns 
/ = 0,1 to /«, so that 

E/>, = L/>, = I 

Then, if N.n arc the number of cases and controls in the study, respectively, a 
regular ‘dose-response* relationship between husband’s smoking classification anti 
lung cancer will have proportions PiP f /hf>, such that, for all / < j, 

Pi Pj 
< 

Pi Pj 

Because individual eases are at risk of being rnisclassified. discrete steps of \/N are 
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taken iteratively to find the minimum misclassification rale which will reproduce lhe 
‘dose-response* relationship reported in an individual study. The misclassification 
rates given below arc found by reducing the exposure classification one ease at a 
time until P, ~ p, for all /, to the extent possible with discrete data. 

RESULTS 

3 case-control studies [1, 12, 13] report statistically significant trends in non¬ 
smoking women with lung cancer as the husband’s reported smoking classification 
increases. 

Thus, Garfinkcl ct at. 111 give a progression of odds ratios of 1.00, 1.15, 1.08 and 
2.11 for 134 eases and 402 controls reportedly exposed to 0, <10, 10-20 and >20 
cigarcttcs/day smoked by the husband at home. Pooling the intermediate categories 
gives increasing odds ratios of 1.00, 1,14 and 2.11 for exposures to 0, 1-19 (where 
1-19 includes pipe or cigar) and >20 cigarellcs/day. Correa el at. (131 give odds 
ratios of 1.00, 1.18 and 3.52 for reported exposures to 0, 1-40, and >40 packryears 
smoked by the husband for 22 cases and for 133 controls. Trichopoulos ct at. 112) 
give odds ratios of 1.00, 1.76 and 2.65 for the 3 exposure categories (non*, former 
and current smoker) in 40 eases and 149 controls. 

Given the assumptions discussed above, GarfinkePs results can arise if 17 of the 
husbands of his 134 eases arc misclnssificd upwards, a ease misclassification rale of 
13%. Correa’s results can arise if 9 of his 22 eases’ husbands arc misclnssificd, a 
case misclassification rate of 41%. For Trichopoulos, the reported trend could have 
arisen from a case misclassification rate of 40%, i.c., if 16 of 40 eases' .husbands 
were misclnssificd upwards. Because of the relatively larger number of cases in the 
first study [ I ], the overall ease misclassification rate in the three studies required to 
reproduce the quoted results is 21%. 

Although misclassification of exposure among cases has a disproportionate effect 
on the findings of these studies, another approach is to assume that the rales of 
misclassification arc equal in eases and controls but in different directions. With this 
assumption, Gar Tinkers results (lj can arise from a subject differential 
misclassification rate of 7%. Likewise, Correa’s findings |I3] may have arisen from 
a subject differential misclassification rale of 19%. A 20% overall differential 
misclassification rate will account for the trends reported by Trichopoulos in Tables 
2 and 3 of his paper 112J. 

DISCUSSION 

The findings of 3 case-control studies of lung cancer which show significant 
trends with ‘exposure’ to ETS can be generated by postulating differential 
misclassification of ease exposure in the range of 13-40%. The significance of this 
finding rests on the validity of the underlying assumptions used in deriving these 
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rales of ease or subject misclassification. 

That misclassification exists in these studies is now widely accepted [3, 4. 9, 
14 -17|. In general, respondents are more likely to falsely inflate exposure if the case 
died of cancer than of some other disease [18). 

More particularly, there is indirect evidence for the presence and effect of dif¬ 
ferential misclassification of exposure to ETS. For example, Garfinkcl et al. |l| 
show that the effect of UTS exposure at home is null (an odds ratio of I) when the 
ease or her husband is the respondent; however, this null result is converted into an 
odds ratio of 3 when the son or daughter is the respondent. 

Again, Table 3 of |I5| suggests that differential misclassification may exist. T his 
shows that 4 of 16 spouses of lung cancer cases (25%) contradicted the case by 
describing themselves as smokers whereas only I in 41 (2%) spouses of matched con¬ 
trols contradicted the control by describing themselves as smokers. Here there are 
two possible explanations. Either the ease has denied her husband’s smoking, or the 
husband has exaggerated his own smoking. In practice there is likely to be some 
behavior of each type. We assume however that this situation is indicative of infla : 
(ion of (lie amount smoked by the husband when the case is the respondent. 

The most recent case-control study of ETS and lung cancer {151, one which went 
to some pains to verify exposure classification, provided evidence suggesting a case 
misclassification rale of exposure as high as 25%. This figure may be compared to 
the 21% overall case misclassification rate required to produce the results in the 3 
studies under review. Both figures may in turn be compared with a misclassification 
rate of 15% which Lclzel and Johnson [19] found was required to invalidate a case- 
control study of ETS. 

In summary, when a spouse's smoking status is used to estimate a nomsmokcr’s 
ETS exposure, ' a considerable amount of misclassification’ |3| may result. Since 
selection bias and confounding must also be considered, extreme caution is required 
in the interpretation of these studies. This is especially so when the literature as a 
whole contains several studies reporting no significant association between ETS ex¬ 
posure and lung cancer (15, 16, 20], as well as various inconsistencies, both among 
and within studies. 
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^Lung cancer and passive smoking 

Sir,—Y our article by Professor Nicholas Wald 
and others (8 November, p 1217) on passive 
smoking and lung cancer contained a statistical 
analysis which was essentially repeated in a report 
of a committee of the National Research Council of 
the United States. Professor Wald was a member of 
that committee and apparently was the principal 
architect of the epidemiological aspects of that 
work. 1 • ■' • - 

A contemporaneous survey of epidemiological 
studies on passive smoking and lung cancer was 
given in an editorial by Bloc and Fraumeni in the 
Journal of the National Cancer Institute. 2 The 
published reports covered by Professor Wald and 
colleagues and by Blot and Fraumeni largely 
overlapped'. Substantially similar estimates of 
relative risk were arrived at, 1*34 or 1*35,. and in 
both cases were nominally significant. 

Similar concerns about bias were expressed, 
specifically that women reporting themselves as 
non-smokers might actually be active smokers or 
ex-smokers and that non-smoking women not 
exposed to smoking at home might still have some 
exposure away from home. Other possibly more 
serious biases in the studies conducted were not 
considered. (These include publishing bias: if an 
investigator got a weakly or insignificantly negative 
result for the role of passive smoking in lung cancer . 
would he bother' submitting it for publication? 
And if he did, would it be .accepted? There seems 
to be a tendency towards accepting uncritically or : 
less critically manuscripts which are on the right 
side of the fence on the issue of passive smoking.) 

Consideration of the first of these two biases led 
to a reduction in the estimated relative risk from 
L35 to 1*30 for the paper of Professor Wald andhis 
colleagues but from 1*34 to 1*15 in the National 
Research Council report., This .source of bias 
. cannot fully account for the excess over unity of the 
■ relative risk, albeit the National Research Council 
report suggests that statistical significance would 
no longer obtain. And the possibility of other 
biases is noted. . 

The two survey studies make differing adjust¬ 
ments for exposure to passive.smoking away from 
home. While Professor Wald and his colleagues 
make an upward adjustment of 18%, from a 
relative risk of 1 *30 to 1*53, the National Research 
Council report makes an upward adjustment of 
only 8%, from.1*15'to T24. 


For assessing statistical significance, this last 
adjustment is not relevant. I't presupposes that 
passive smoking does increase risk, for if it did 
not the adjustment would not be needed. But 
relevance would attach if one wished to estimate 
the toll in lung cancer attributable to passive 
smoking. .... 

_The National Research Council report notes a 
study by Jarvis et al on biochemical markers of 
smoke absorption. 3 From that work one would 
have to judge that the claim of being a non-smoker 
was more frequently false than has been allowed 
for in the bias adjustments that have been made. 
Also* the data on cotinine concentrations in the 
plasma, saliva, and urine reported by Jarvis et al 
suggest that the relative risk associated with 
passive smoking would be quite limited, sav of the 
order of 1*05. Passive smokers had, on average, 
cotinine values 0*5% of the way between the level 
for those not exposed to passive smoking and the 
level for active smokers. Assuming active smoking 
to have a relative risk of 10* added risk of 900%, the 
predicted relative risk for passive smoking would 
be 1*045. .• 

It is interesting that the National Research 
Council report shows a predicted relative risk of 
l*14i based on dosimetric considerations. The 
underlying assumption was that passive smoking 
had only 1% of the effect of active smoking. That 
1%:effect was then coupled with a relative risk of 
15, added risk of 1400%, for active smoking. 

In the event, whether the true relative risk is 
1*05 or 1 * 14, it is unlikely that any epidemiological 
study has been* or can be, conducted which.could 
permit establishing that the risk of lung cancer has 
been raised by passive smoking. Whether or not 
the risk is raised remains to be taken as a matter of 
faith according to one’s choice. - 

... . - . / Nathan Mantel 

Max hematics,.Statistics, and Computer Science. 

The American University, .. ..... - 

Bethcsda, MD 20814, ,tl T SA ^ - - - - 

11 National Research Council Committee on Passive Smoking, 
Board on Environmental Studies and Toxicology. Environ¬ 
mental tobacco smoke: measuring exposure* and assessing health 
effects. Washington. DC: National Academy Press, 1986. 

2 Blot JB, Fraumeni JF Jr. Guest editorial. Passive smoking and 
- lung cancer. Journal of the National Cancer Insttnue 1986, t.i<. 

. 995-1000. 

3 Jarvis M, TunstailfPedoe H, Feyerabend C, Vessey C, Sallooire 

Y. Biochemical markers of smoke absorption and self reported 
exposure to passive smoking. J Epidemiol Community Health 
1984;38:335-9,__ -/> 
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In conclusion* therefore, the reference bias shown in this-study 
4 seems to be real. Such a-finding has important implications, since 

there is no reason to believe that rheumatologists arc more biased' 
than others in selecting references. A reader tracing the Literature on 
any new drug using the reference lists given in the articles might risk 
obtaining a biased sample. Reference bias has another serious 
implication: it may render the conclusion of the individual article 
Jess reliable. Is this also true for review articles, and for other, 
disciplines in medicine? 


The study was supported by a gram from ihc Danish Medical Research 
Council. I thank the University Library II S Copenhagen, the medical 
companies, and Alice Nerhede, librarian at Herlcv HospiuU for help in data 
collection; Dr John Anderson for linguistic help, and; especially, Dr 
Tborkild I A Sorensen; liver unit, Hvidovre Hospital, for his valuable 
suggestions and comments on the manuscript. 
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Towards a reduction in publication bias 

ROBERT G NEWCOMBE 


Abstract 

Current practice results in the publication of many research 
studies in medical and related disciplines which may be criticised 
on the grounds of inadequate sample size and statistical power. 
Small studies continue to be carried out with little more than a 
blind hope of showing the desired effect. Nevertheless, papers 
based on such work are submitted for publication, especially if 
the results turn out to be statistically significant. There is 
confusion about what makes a result suitable for publication. 
Often there is a preference for statistically significant results at 
the peer review stage. Consequently published reports of small 
studies tend to contain too many false positive results and to 
exaggerate the true effects. 

The use of a criterion of a posteriori power does not eliminate 
the bias; a priori power is the criterion of choice. This could be 
implemented by peer review of study protocols at the planning 
stage by funding bodies and journals. 


Introduction 

Profou id biological and behavioural differences between human 
beings mean that statistical methods have to be used in presenting 
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medical research findings in in unbiased way. Hence statisticians 
have devised methods of estimation and significance testing, which 
arc now widely used. Nevertheless, though the mathematical 
aspects of these methods are acceptable, what is done with the 
results commonly leads to serious selection bias. An article tha: 
repons a statistically significant difference between two treatments 
is more likely to be published than one which does not. Many 
research studies have inadequate numbers of subjects, and signifi¬ 
cance on be attained only if chance conveniently exaggerates the 
difference. 

So long as statistical significance is used as a major criterion of 
acceptabiliry for publication the published results of medical 
research will contain a high proportion of false positive results. 
Thus quantitative estimates of treatment effects taken from 
published work cannot be regarded as free from bias. There are 
established methods to calculate the power of a snidy, which is the 
probability of detecting a specified, important difference using a test 
with a set significance level. The interpretation of statistical power is 
satisfactory only when it is calculated with values specified at the 
design stage of the study. The proper method to assess the adequacy’ 
of the sample size is by peer review s f values specified in the 
protocol. If this is done the significance level eventually attained is 
no longer relevant to selection for publication. 


Importance of sample size 

Manuscripts submitted to medical journals often contain serious 
statistical faults. 1 Various steps have been taken'to remedy this, 
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notably the checklists used by the BMJ? and there is now also an 
increased! awareness of the need for therapeutic efficacy to be 
evaluated with randomised controlled trials. Nevertheless, power 
calculations are still rarely used.' 

Conventional significance testing (table I) leads to great emphasis 
oni the type I error rate a, but the rype II error rate p and its 
complement, the power 1 - p, though very important, are neglected:* 
In particular, in a-clinical trial the number of subjects required 
depends on the a and p levels chosen, the treatment difference of 
interest, and the degree to which the treatment effect varies berween 


TABLE t—The significance teswtg paradigm, o and 0 denote 
the frequencies tmlh which type I errors and type II errors 
art made. I - (5 is known as the power of the lest 


Dccukxi from Scarcer test 

True rare of nature 

Accept H, 

Reject H, 


True nepuve 

Falx positive 

H.vU>d 

I-a 

a 


False negative 

True positive 

H, not valid 

* 

i-e 


subjects. The choice of the first three of these is somewhat arbitrary , 
and the fourth may be difficult to estimate. Nevertheless, the study 
is likely to be valid only if values are chosen for these parameters and 
the resulting sample size requirement determined, whether by the 
use of formulas/ diagrams, 5 or tables.* 

The most obvious consequence of an inadequate sample size is 
that investigators may well not show a clinically important effect. 
Such a false negative result, if propagated by publication, is apt to be 
widely misinterpreted as a demonstration that there is no difference 
between the treatments. This has provoked two responses among 
those who decide what is to be published: Firstly* statisticians 
advocate a shift of emphasis away from significance testing and 
towards estimation and confidence intervals/ A wide confidence 
interval is understood as implying that large, potentially important 
differences cannot be ruled out. The confidence interval approach 
may also help in a wider context—for instance, in showing that the 
results of two apparently disparate studies are not incompatible, the 
truth perhaps being somewhere berween their two estimates. 

The second response is to exclude small studies, with high p, 
from publication. There are three approaches in which this may be 
done. Firstly, attainment of a desired level of significance may be 
used as a criterion. This seems pUusible because, for a fixed a, both 
the attained significance level p and the rype II error rate p reflect the 
sample size. Nevertheless, p (unlike a) depends on sampling 
variation and the use of this criterion leads to publication bias. 
Secondly, assessment based on statistical power calculated from the 
data gives the appearance of greater soundness; it does not fall into 
the obvious trap of the first approach and is based on data rather 
than on the uncertainty of a prior targeted difference. In reality, 
however, the requirement of significance using an a level of 0-05 and 
an a posteriori p of 0*2 amounts to nothing more than statistical 
significance at a more stringent level of a=0 005 and thus also does 
not avoid publication bias. This kind of P valite is akin to p, not to a, 
and includes sampling variation. The third approach is to impose 
the requirement of an adequately low p value assessed a priori; this 
does nor lead to bias since the p value is not subject to sampling 
variation. 

Thus results based on studies which had a poor prospect of 
yielding useful information may justifiably be rejected, but only if 
the criterion is based on power assessed a priori. 


Nature and consequences of publication bias 

Publication bias may be defined simply: significant results are 
preferred for publicationi Attention was drawn to it as early as 1963" 
and it has been “rediscovered” several times since. Suppose the a 
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rate chosen is 0 05. Then, just 5% of studies in which Ho is valid will 
yield a test statistic significant at the 5% level. If a ttention is limited 
to studies that attain publication, however, the proportion of such 
false positive results is higher. The significance testing paradigm 
does not permit us to say what proportion of statistically significant 
results are false positives, but the effect of publication bias is to 
make this proportion disquietingly larger than it would otherwise 
be. 

Correspondingly, studies selected for publication tend to contain 
exaggerated estimates of the main effects, and trials with truly 
modest treatment effects will achieve statistical significance only 
if random variation conveniently exaggerates these effects/ 
Conversely, variation is underestimated. These biases operate more 
strongly the more inadequate the sample size. A study with low 
power, where the true treatment effect is zero or small, must grossly 
exaggerate it (by chance) to show significance and artain a prospect 
of publication. False positives and exaggerated estimates may well 
dominate much of medical publication. This phenomenon is likely 
to contribute to the disparity commonly found in the results of 
different studies, which leads to controversy instead of well 
established, consistent findings. The desire to minimise the impact 
of false positive assertions may result in a preference for publishing 
findings which refute a previous claim, rather than confirmatory 
results—a further source of bias. 

Such selection bias may equally be introduced by the editorial 
team (editorial selection bias) or by the researcher or supervisor or 
head of department (submission selection bias): At each stage a 
significant result may be construed as particularly encouraging and 
failure to attain significance as correspondingly discouraging. This 
operates in addition to any biases introduced because of prejudice." 

Publication bias continues to arise only because two conditions 
hold: the criteria for selecting studies for publication are inadequate, 
and many studies performed and submitted for publication have 
been done on small numbers of subjects. Significance testing, the 
time honoured framework for inductive inference, is evidently 
deficient as a selection criterion. Nevertheless, the confidence ■ 
interval approach incurs the same danger of publication bias- 
studies in which the confidence interval for the size of the effect 
excludes zero are likely to be preferred for publication—a condition 
that is equivalent to statistical significance. It has been asserted that 
overconcentration on simplistic significance testing is responsible- 
for most of the ill based criticisms of small trials." The more careful 
approach using confidence intervals overcomes many of the 
difficulties. But so long as confusion remains as to what constitutes a 
result warranting publication a bias will ensue from submission and 
editorial selection processes. 

The other prerequisite for publication bias is the widespread use 
of inadequate sample sizes. The other consequence of this is that a 
doctor seeking information to guide a clinical decision is confronted 
with a bewildering variety of conflicting claims. To remedy this 
dilemma “meu-anaiyses” or “overviews” have been constructed, 
which fit together results of several studies and seek to make the best 
use of data from studies which would otherwise yield little infor¬ 
mation. Nevertheless, published studies are still a biased sample of all „ 
the relevant work that has been done. The only prospect of eliminat¬ 
ing this bias is to contact all investigators who may have done relevant 
work and ask for their unpublished da La. Iain Chalmers and 
Thomas Chalmers are pursuing this goal in connection with the 
Oxford Database of Perinatal Trials, and their work should provide 
some evidence on the quantity of "negative” studies that either 
never get written up or never get published. 

The high prevalence of small studies stems from the way that 
research is organised. Much material submitted for publication has 
come from studies that are regarded as the work of an individual 
researcher, performed within severe constraints of time and 
resources; often there is tittle more than a blind hope that the 
desired effect will be shown. Research output remains a major 
criterion. for assessing candidates for promotion and so on, even 
though it is widely recognised to be deficient. When research output' 
is equated with publication,; however, the consequences for 
the standards of published work are grave. The constraints an 
individual investigator faces often preclude obtaining results of 
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external validity, but publication in a highly regarded, widely 
• circulated journal implies such validity, however mistaken this is 
given the background of inadequate statistical power. 

Thus the researcher faces a dilemma: on the one hand, most 
studies he can perform will need the collaboration of others to attain 
adequate statistical power; on the other hand, any collaborative 
study (even if it is feasible) will deprive him of personal kudos* Only 
those who are remote from the researcher’s dilemma—journal 
editors and referees, funding bodies, and (to a lesser degree) ethical 
committees —can uphold the highest scientific standards with no 
conflict of loyalties. These agents are not obliged to accept the status 
quo and can refuse to support or publish inadequate research. I 
regard it as their prerogative, if not obligation, to do sOj 

A radical proposal 

Selection of work for funding or publication, then, should 
primarily be based on reasonableness a priori: Has the design 
adopted (explicitly or implicitly) a good prospect of yielding useful 
information? “Design” here includes the study idea, scientific basis, 
clinical relevance, originality, and so on^ as well as the study’s 
structure and the number of subjects. If all this is satisfied then the 
paper should be published irrespective of whether statistical 
significance or the targeted size of difference was attained. The 
difference actually observed is irrelevant to the decision (see 
Mahoney, 10 p 163). The assessment of scientific validity would 
therefore be the same, whether carried out before the study or after 
it. The only additional requirement a posteriori is adequate 
adherence to the protocol—in particular, attainment of the planned 
sample size. 

The consequences of this shift in emphasis to a priori criteria are 
most important in the case of studies of inadequate power. Tabic II 
contrasts what would happen to the results of these studies under 
the proposed rule with what is likely to happen at present. The 
publication of “positive” findings would be inhibited. The ad- 
-vantage would be the exclusion of false positives from inadequate 
studies, with their grossly exaggerated estimates of differences. 
Against this must be weighed the cost of failing to publish true 
positivcv^-which would occur quite often (if— (5=0*5), but which 
are based on inadequate evidence and also overestimate the 
difference. 

Application of this principle to studies with adequate power 
would lead to more widespread publication of negative results 
(table III). True negative results would be salvaged from studies of 
acceptable power—though these might currently be accepted 
anyway, especially if supplemented with confidence intervals. This 


TABLE 11 —Consequences of a ihtfi to assessment by a prion 
power. The case of a study vnih inadequate power: 1 -£*0-5, 
a *0 05 



Decision from tifnihcuict test 

Accept H, 

Rcrcn H. 

Whether published under: 



Present practice 

?No 

Yes 

Proposed policy 

No 

No 


would be at the cost of publishing studies with false negative results, 
though these would not be too frequent (fii=0T). 

Both journal editors and funding bodies can and should require 
specification of statistical power. They should require that a 
protocol or a write up should describe clearly the details of the 
design of the study—in particular , the following: 

(a) the structure; 

(fc) the choice of the most appropriate criterion variable on which 
to base the power calculation and the most appropriate groups to be 
compared; 

(c) the size of the effect to be reliably detected and (except in the 
case of a binary variable) how much this effect varies berween 

subjects; 
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{d) the sample size (specifying accrual rate and period) aimed at, 
with specific allowance for expected dropouts; 

ie) consequent statistical power and the method by whichit was 
derived. 

These parameters should be identical in the protocol and!in the 
eventual study report. The same criterion should be used to assess 
validity at both stages—in particular, the write up should be 
assessed on the basis of the values laid down before any data were 
collected. The only additional requirements at the publication stage 
would be the completion of the study as laid down in the protocol , 
with full information on as many subiects as were contracted for; 
variability in response between subjects not grossly in excess of 
that planned for; and the usual standards of adequate analysis, 
inference, and discussion. 


TABLE in —Consequences of a shift to assessment by a pnon 
power. The case of a study with adequate power; /— 9, 
a^OOS 



Deauon from ufmhcancc test 

Accept EL 

Reject H. 

Whether published under; 



Present practice 

?No 

Yes 

Proposed policy 

Yes 

Yes 


This approach entails assessment of the parameters assumed on 
an a priori basis; they are to be judged in the light of knowledge 
current at the time the study was designed i Other results coming to 
light during the study should not be allowed to affect the judgment 
of validity (though occasionally a major advance occurring during 
this period may render the results no longer relevant). 

Journal editors as well as grant awarding bodies could ufiplemeni 
this proposal most effectively by requiring submission of protocols 
for peer review at the planning stage. In either case an independent 
review body could be used. Specialists in the subject could assess the 
reasonableness of the values supplied for the parameters on which 
the power calculation is based (particularly the smallest clinically 
important difference), and the verification of the power calculation 
would not be a formidable task for a statistician or other assessor 
familiar with this. These assessments, once performed for the 
protocol, would not need to be repeated for the write up. 
Consequently, having accepted a protocol as adequate and relevant, 
a journal could offer eventual publication^ conditionali only on 
completion of the study in adequate conformity to the protocol 
together with the usual requirements of adequate analysis, in¬ 
ference, and discussion. It would become normal practice to accept 
an article only if this had been done . 

The work of Mahoney suggests that reviewers may find it difficult 
to comment on incomplete manuscripts. 10 Nevertheless, Mahoney’s 
study is not an ideal model for the process I advocate, for two 
reasons. Firstly, his reason for the incompleteness of the manuscript 
was inadequate. It would be understood, however, that the material 
to be evaluated was only a protocol, even though it would be 
virtually unaltered in the eventual article—and this would become 
an accepted element of peer review (as it is, to a limited extent, with 
funding bodies). Secondly, Mahoney studied psychologists known 
to have entrenched, diametrically opposite beliefs, to a degree (I 
hope) not encountered often among doctors; knowing that results 
would! shortly be disclosed, they would be reluctant' to commit 
themselves unequivocally to a favourable stance, lest the results 
turned out to contradict their chosen position. At the suge of review 
of a protocol this possibility is more remote. 

To put these recommendations into practice would be more 
feasible for formal, well structured study designs, such as the 
clinical trial, than for less formal explanatory’ work—for which the 
rationale of significance testing is more contentious. Like other 
alterations in editorial policy-, this would best be introduced as a 
decisive change, as from a given date, with advance indication 
given, as a piecemeal approach to change is unlikely to work. 15 I 
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hope that enlightened editors will take up the challenge; the lead 
must come from an established, prestigious journal that can afford 
to be choosy: 


Conclusion 

Publication bias is endemic and will remain so as long as the 
sample sizes commonly used in research arc too small and the 
methods used to assess adequacy of sample size are deficient. 
Assessment by a priori criteria—in particular, systematic peer 
review at the planning stage—would result in a much tighter 
measure of control over the quality of published work, with the 
prospect of improvement in study design in general and statistical 
power in particular. 

I thank several colleagues, especially Dr Edward C Coles and the BMJ 
editorial team and the referee, for constructive comments. 
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Medicine and the Media 


A T THE ANNUAL scientific meeting of the British Paediatric 
Association last year the prize for the best paper presented by a 
young paediatrician went to a member of a research group from 
Oxford. Papers offered for the annual meeting are examined by the 
association’s academic board not only for their scientific worth but 
also for adherence to ethical standards. This paper, later published 
in the Lancet ,* has now been condemned by certain sections of the 
press and by a group of members of parliament. What was the work 
so condemned? 

Preterm infants of low birth weight live at considerable risk, 
particularly of cardiorespiratory failure, and the risk is increased if 
they have to undergo an operation. Clinical experience suggested 
that deep anaesthesia and narcotic analgesics would increase the 
risk. That and the belief that such infants have a poor perception of 
pain because of lack of myelinisation in the central nervous system 
led to the conventional practice of anaesthesia with nitrous oxide 
and muscle relaxants combined with artificial ventilation. In a study 
of 40 published reports the Oxford team found that three quarters of 
newborn babies undergoing surgical ligation of patent ductus 
arteriosus had received muscle relaxants alone or with nitrous oxide. 

In the preterm infant with a poor or absent ability to cry it 
is difficult to tell clinically whether pain and stress are being 
experienced, but newer biochemical methods that detect hormones 
and intermediary metabolites associated with stress now make the 
assessment of stress more possible and prompted a re-examination 
of the problem by the Oxford team. The team wanted to find out 
whether adding a little narcotic analgesic to the accepted anaesthetic 
regimen might prove beneficial rather than harmful. Using these 
metabolic methods, they therefore compared the response to 
surgical ligation of patent ductus arteriosus carried out under the 
conventional regimen with and without the narcotic analgesic 
femanyl. The possibility that fentanyl might adversely affect 
respiration and circulation post operatively was also studied t 

A randomised trial was designed with help from the National 
Perinatal Epidemiology, Unit in Oxford to ensure that the results 
were statistically valid and that a meaningful result would be 
recognised as soon as possible. After only eight babies in each group 
had been operated on the results showed that the new regimen was 
significantly superior to the old not only in reducing the stress 
response estimated biochemically but also in improving the 
postoperative state. Thus for the first time good scientific evidence 
was produced of the need to provide deeper anaesthesia during 
operations on these tiny infants. 


This research was commended by the distinguished American 
paediatrician Dr William Silverman, author of the widely acclaimed 
book Human Experimentation; A GuuUd Step Into the Unknown . 1 He 
wrote that the Oxford workers “deserve a loud vote of thanks for the 
ethically sound effort to subject to a rigorous test opinion based on 
long standing practice. And their call for further study should 
not fall on deaf ears. It is indeed urgent to determine the 
pathophysiological consequences of unrelieved pain and suffering 
inflicted during everyday care of newborn babies.” 

Members of the British Paediatric Association were thus amazed 
and the doctors who had done the work bewildered and distressed 
when after a distorted report in the Daily Mail entitled, “Pain-killer 
shock in babies’ operations” (8 July) this work became the subject 
of a condemnatory “press release: for immediate publication” 
issued by some members of parliament forming the Ail Party 
Parliamentary Pro-Life Group. The Lancet article appeared in 
January, the story in the Deify Mail in July, and the press release 
from the members of parliament in August. The press release 
was entitled “Inhumane baby operations slammed” and the first 
paragraph s La ted: 

“Fourteen members of parliament have demanded an inquiry 
into trials in which sixteen premature babies were given open heart 
surgery, eight of them without the use of pain killers to test whether 
or not the babies could experience pain.” 

The press release then said that the General Medical Council was 
being asked to investigate these trials with a view to bringing those 
responsible before its disciplinary committee. It continued: 

“In a statement Sir Bernard Braine said: 

*The trials seemed to us to be even more barbarous when one 
considers that the babies being tested for pain were given curare, a 
paralysing drug, so that they would have been unable to kick or 
struggle even if they were in agony, the obvious intention being to 
keep them immobile at all costs throughout the operation. Apart 
from this they were given only nitrous oxide (laughing gas).*” 

Implying misleadingly that wisdom acquired from the research 
existed before it was carried out the statement went on: 

“Not surprisingly post-opera lively they fared far worse than the 
eight'babies who were given pain killers. Two of the disadvantaged 
babies suffered from hypotension, two showed poor peripheral 
circulation—both of which can be indications of shock which most 
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QUESTIONNAIRE ASSESSMENT OF LIFETIME AND RECENT 
EXPOSURE TO ENVIRONMENTAL TOBACCO SMOKE 

DAVID B. COULTAS, 13 GLENN T. PEAKE, 3 * and JONATHAN M. SAMET 13 

Coultaf, D. B. (Ntw Mexico Tumor R*giitry, Cancer Contor, Ul of Now Moxico 
Medical Cantar, Aiboquarqoa, NM 87131), G. T. Poako, and J. M. Samot Quoa* 
tionnaira asaosamont of lifttiroa and rocont axpoauro to anvironmantal tobacco 
amok a. Am Jipkf arofcV 1989;130:338-47. 

In a aampfo of 149 adult nonamokors rocairtod m Now Moxico in 1986, tho 
author* aaaoaaod tho reliability of quaabonnaira roaponaoa on lifatimo axpoauro 
to tobacco amoko in tho homo. Thoy a lac compared urinary cotin ina loveia with 
questionnaire reporta of environmental tobacco amoko exposure during tho 
previous 24 hours. Tho agreement of responses obtained on two occasions within 
six months was high for parental smoking during childhood: 94% for tho mother 
and 93% for tho father. For tho amounts smoked by tho mother and tho father 
during the subject's childhood, the agreement between tho two interviews was 
moderate: 52% and 39%, respectively. For the number of hours per day that each 
parent smoked in the home during tho subject's childhood, tho Spearman corre¬ 
lation coefficients at so indicated only moderate reliability (r at 0.18 for maternal 
smoking and r a 0:54 for paternal smoking). For tech set of interviews, responses 
concerning recent tobacco smoke exposure and urinary cotinine levels were 
correlated to only a modest degree. The authors conclude that adults can reliably 
report whether household members smoked during their childhood, but Informa¬ 
tion on quantitative aspects of smoking is reported less reliably. 

pyrrotldinones; questionnaires; tobacco smoke pollution 
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The term “passive smoking” refers to the 
involuntary exposure of nonsmokers to the 
combination of tobacco combustion prod¬ 
ucts released by the burning cigarette and 
smoke components exhaled by the active 
smoker (1, 2). The adverse health effects of 
passive smoking on children and adults 
have been described in numerous epidemi¬ 


ologic investigations (1, 2). However, de^ 
Ifspite the evidence linking malignant and 

active and pas¬ 
sive"smbkmgT tobacco smoking remains 


i 


ighly prevalent worldwide (1). In the 
United States at present, about 30 per cent 
of adults are active cigarette smokers (3), 
so that a large proportion of nonsmokers 
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in this country are involuntarily exposed to 
environmental tobacco smoke (1, 2). 

Although some healt|i, e£fects ; of passive 
smoking liave been convincingly demon* 
^strated, many questions on the health 
effects of passive smoking remain un¬ 
answered. More precise description of 
exposure-response relations is needed for 
assessment of the adverse effects on chil¬ 
dren and the development of lung cancer. 
Additionally, further studies on exposure 
to environmental tobacco smoke in the 
workplace are warranted because of the 
high prevalence of smoking among adults 
and public concern about this source of 
exposure. In most epidemiologic studies on 
involuntary smoking published to date, ex¬ 
posure has been assessed with question¬ 
naires; for the purposes of some inves¬ 
tigations, the questionnaires have spanned 
the entire lifespans of the subjects. Ques¬ 
tionnaires will remain the most feasible 
method for assessing exposure to environ¬ 
mental tobacco smoke in new studies. How¬ 
ever, the reliability and validity of question¬ 
naire measures of involuntary smoking 
have not been adequately characterized 

In this study, we have assessed the reli¬ 
ability of a comprehensive questionnaire 
on lifetime exposure to environmental to¬ 
bacco smoke in 149 adult nonsmokers. 
While validity is also of interest, no appro¬ 
priate standard for comparison is available 
for a lifetime history. Questionnaire re¬ 
sponses with poor reliability are also likely 
to have poor validity. In this sample, we 
also examined the relation between reports 
of recent exposure to environmental to¬ 
bacco smoke and urinary cotinine levels. 

Materials and methods 
Sample selection 

Between February and December of 
1986, nonsmokers aged 18 years and older 
were recruited from Albuquerque, New 
Mexico, and the surrounding communities. 
Recruitment was accomplished by two 
methods: advertisements and direct contact 
with subjects from a population survey (4). 
In both approaches, we asked for volunteers 


to participate in a study of indoor air qual¬ 
ity that involved completing a question¬ 
naire on two occasions and providing saliva 
and urine samples. The subjects were not 
informed that the study was directed spe¬ 
cifically at exposure to environmental to¬ 
bacco smoke. We attempted to stratify the 
sample uniformly by age and by sex but 
were not completely successful (table 1). Of 
our sample, 62 per cent were female, and 
only five males were aged 60 years and 
older. 


Data collection 

A structured questionnaire on lifetime 
and recent exposure to environmental to¬ 
bacco smoke was administered by a trained 
interviewer to each subject on two occa¬ 
sions separated by approximately four to 
six months. Training involved familiariza¬ 
tion and practice with the questionnaire 

and review of probing techniques, which ~ 

were standardized. The interviews were 
conducted by four interviewers who com¬ 
pleted 89.2, 5.4, 2.7, and 2.7 per cent of the 
first interviews and 38.2, 6.7, 54.4, and 0.7 
per cent of the second interviews, respec¬ 
tively. We asked whether the subject's 
mother had smoked while pregnant with 
the subject, and we determined the smoking 
status of parents, spouses, and others from 
questions on whether these persons had 
smoked in the subject's home on a daily 
basis for six months or more. These ques¬ 
tions referred to two time periods: birth to 
age IS years and age 19 years to the time 
of the interview. These time periods were 
chosen to correspond to the usual ages for 


Tabli l 

Agt and sei distribution of 149 participants in a study 
of involuntary exposurt to tobacco smoke. 

New Mexico. 1966 


A|* 

M Isim 

Frauiw 

No. 

% 

No. 

% 

20-29 

12 

214 

17 

18.3 

30-39 

20 

35.7 

27 

29.0 

40-49 

9 

16.1 

15 

16.1 

50-59 

10 

17.9 

15 

16 1 

2:60 

5 

8.9 

19 

204 


Source: https://www.industrydocuments.ucsf.edu/docs/szpxOOOO 
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living in the parents’ home and subse¬ 
quently living outside the parents’ home. 
In addition; for each smoker* we asked 
about the type(s) of tobacco smoked (ciga¬ 
rette, pipe, or cigar), the amount of each 
type smoked in the home, the number of 
years each type was smoked and the num¬ 
ber of hours of exposure per day to each 
type in the home. Another set of questions 
asked about the amount of exposure during 
the previous 24 hours. The questions cov¬ 
ered the number of smokers to which the 
subject was exposed, the type(s) of tobacco 
smoked (cigarette, pipe, or cigar), and the 
number of hours of exposure. These ques¬ 
tions were asked separately for exposures 
at home, at work, in vehicles, and at social 
gatherings. At the time of the interview, a 
urine specimen was collected and frozen at 
-20 C until the cotinine assays were per¬ 
formed 

Cotinine assay 

Cotinine was quantitated by a double 
antibody radioimmunoassay as described 
by Langone et al. (5). A specific antiserum 
produced in rabbits was supplied by Dr. 
Helen Van Vunakis of Brandeis University 
(Waltham, MAK Urine samples were di¬ 
luted 1:4 for the assay. The sensitivity of 
the assay in our hands was 36 pg/tube or 
0.78 ng/ml of urine (4,204 pmol/liter). Uri¬ 
nary creatinine concentrations were deter¬ 
mined by the Jaffe reaction (6), and the 
cotinine concentrations were standardized 
to the creatinine concentrations. Assays 
were performed without knowledge of ques¬ 
tionnaire responses. 

Data analysis 

Reliability was assessed by comparison 
of the two lifetime histories for the expo¬ 
sure variables during the two time periods, 
birth to age 18 years and age 19 years to 
the time of the interview. Because of the 
small number of pipe and cigar smokers 
among parents (n » 24) and spouses (n * 
4), we restricted our analysis to cigarette 
smokers. We summarized the per cent 


agreement between the first and second 
interviews for categorical variables, which 
included mother’s smoking during preg¬ 
nancy; mother’s, father’s, and spouse’s cig¬ 
arette smoking status; amount smoked; cat¬ 
egorized as Ifess than one pack per day, one 
pack per day, and more than one pack per 
day; and number of other cigarette smokers 
in the household, categorized as none, one, 
and two or more. To discount chance agree¬ 
ments between the first and second inter¬ 
views, Cohen’s kappa was calculated for all 
categorical items and tested for significance 
(7, 8). Spearman rank order correlation 
coefficients (9) were calculated for contin¬ 
uous variables, which included both the 
number of years and the number of hours 
per day that the subject's mother, father, 
spouse, and others had smoked 

For questions on exposure to tobacco 
smoke during the previous 24 hours, we 
created summary variables for cigarette 
smoke exposure only, because exposure to 
pipe and cigar smokers was infrequent. The 
summary variables for cigarette smoke ex¬ 
posure included the total number of hours 
of exposure and the total number of ciga¬ 
rette smokers in all locations. To examine 
the relation between measures of short 
term exposure to environmental tobacco 
smoke within and between interviews, we 
calculated Spearman rank order correla¬ 
tions (9). 

Data analyses were performed with stan¬ 
dard programs of the Statistical Analysis 
System (10). 

Results 

Of the 158 subjects enrolled for the first 
interview, 149 (94 per cent) also completed 
the second interview. Of the nine subjects 
who were not reinterviewed, there were 
seven males and two females, with mean 
ages of 43.6 years and 43.0 years, respec¬ 
tively. This report is based on responses of 
those 149 subjects who were re interviewed 
The age range of the 149 subjects was 21- 
79 years (mean » 43 years); 37.6 per cent 
were males and 62.4 per cent were females 
(table 1). The median duration between 


Source: https://www.industrydocuments.ucsf.edu/docs/szpxOOOO 
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interviews was 17 weeks, with a range of 6- 
35 weeks. 

For the period birth to age 18 years, 
agreement between the first and second 
interviews was high for parental smoking 
status during childhood (table 2). The per 
cent agreement was similar for mother’s 
and father’s smoking during childhood and 
was lowest for maternal smoking during 
pregnancy. The percentage of unknown re¬ 
sponses was highest for maternal smoking 
during pregnancy. The per cent agreement 
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and kappa statistic for the number of other 
cigarette smokers in the home during child¬ 
hood were 77.0 per cent and 0.47 (p < 
0.0001), respectively. 

In contrast to the high reliability of re¬ 
sponses about parental smoking status dur¬ 
ing childhood, concordance was low for re¬ 
sponses about the usual amount smoked in 
the home by the parents during childhood 
(table 3). The concordance was highest for 
the amount smoked by the mother and 
lowest for the amount smoked by the fa- 


Tabls 2 

Peretntoge of nonsmokers reporting exposure to parental cigarette smoking during childhood. Sew Mexico, 1966 


Mat*rati smoking Maternal smoking Paternal smoking 

Response during pregnancy dunng childhood during childhood 

<n -149) Ot-149) (n - U9) 


Yes 


First interview 

20T 

36.9 

55.7 

Second interview 

20.1 

32.9 

56.4 

No 

First interview 

67.1 

62.4 

43.6 

Second interview 

64.4 

67.1 

42.9 

Unknown 

First interview 

12.8 

0.7 

0.7 

Second interview 

15.5 

0.0 

0.7 

Agreement 

Concordance 

S6.9 

94.0 

92.6 

Kappa 

0.73* 

0.87* 

0.85* 


*p< 0.0001. 


Tabl* 3 

Percentage of nonsmokert reporting exposure to various a mounts of cigarettes smoked by the parents during 
childhood and by the spouse during adulthood. Sew Mexico, 1986 


Amount smoked 

Maternal smoking 
during childhood 
<n - 48) 

Paternal smoking 
during childhood 
< a - 79 ) 

Spouaai smoking 
during adulthood 

<n»«4) 

Less than ona pack/day 

First interview 

62.5 

70.9 

84.4 

Second interview 

50.0 

36 4 

40.6 

One pack/day 

First interview 

20.8 

11.4 

7.8 

Second interview 

22.9 

32.9 

31.3 

More than one pack/day 

First interview 

6.3 

10.1 

6.3 

Second interview 

16.7 

22.8 

28.1 

Unknown 

First interview 

104 

7.6 

1.6 

Second interview 

10.4 

8.9 

0.0 

Agreement 

Concordance 

52.1 

393 

43.8 

Kappa 

0.22* 

0.04* 

—0.04* 


•p > 0.06. 
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FlCUK* 2. Urinary cotinisa lavtli, ttandardixed to urinary cnatininc (Cr) concentration, among nonsmoken 
interviewed about tobacco smoke exposure, by the self-reported total number of hour* that the subject was 
exposed to cigarette smoke during the 24 hours prior to the first interview. Ban show the mean cotinine level 
for each group. Values in parentheses indicate the number of subjects with oondetectable levels of cotinine. 
New Mexico, 1986. 


and second interviews, the mean responses 
for the reported number of cigarette smok¬ 
ers that the subjects bad been exposed to 
during the previous 24 hours were 2.1 and 
1.8, respectively, with 20 subjects at the 
first interview and 22 subjects at the second 
interview reporting exposures in “crowds.* 
For the total number of hours of exposure 
during the previous 24 hours, the mean 
responses at the first and second interviews 
were 5.1 and 4.6, respectively. Both the 
questionnaire variables and the cotinine 
data indicated a relatively stable pattern of 
exposure. The Spearman correlation coef¬ 
ficients were somewhat higher for the 


questionnaire-based indexes than for uri¬ 
nary cotinine levels. 

Discussion 

In a group of adult nonsmokers, we found 
high reliability for reports on parental 
smoking and on smoking by others in the 
home (table 2) but lower reliability for 
semi quantitative exposure measures (ta¬ 
bles 3-5). Mean levels of urinary cotinine 
increased with exposure to cigarette smoke 
compared with no exposure (n — 37) (fig¬ 
ures 1 and 2). However, within specific 
levels of exposure, the cotinine levels varied 
widely. Across the follow-up period of sev- 


Source: https://www.industrydocuments.ucsf.edu/docs/szpxOOOO 
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Table 6 


Spearman correlations between measures of exposure 
to environmental tobacco smoke during, the 24 hours 
prior to interview. Sew Mexico. 1986 


Exposure variablf 

No. 

r. 

Total no. of smokers to which subject 
was exposed 

Responses at the first and second 
interviews 

143 

0.50 

Response at the first interview and 
cotinine level 

143 

0.24 

Response at the second interview 
and continine level 

139 

0.21 

Total no. of hours that subject was 
exposed to cigarette smoke 
Responses at the first and second 
interviews 

144 

0.62 

Response at the first interview and 
cotinine Ikvel 

145 

0.32 

Response at the second interview 
and cotinine level 1 

138 

0.29 

Cotinine Ifcvel 

Levels at the first and second 
interviews 

140 

0.45 


eral months, exposures to environmental 
tobacco smoke were relatively stable, as 
were urinary cotinine levels (table 6). Most 
subjects were able to provide responses to 
the questions on maternal smoking during 
pregnancy, parental smoking during child¬ 
hood, and smoking by a spouse during 
adulthood (tables 2 and 3). 

Several limitations of these data must be 
considered. Because a standard for validat¬ 
ing a lifetime history of exposure to envi¬ 
ronmental tobacco smoke is unavailable, 
we used repeatability as an index of the 
quality of questionnaire responses. We ad¬ 
dressed the reliability of questions on life¬ 
time exposure at home, but not in the work¬ 
place, an important source of exposure for 
a substantial proportion of adults (II). In¬ 
terview with a volunteer subject does not 
replicate the usual setting of a case-control 
study, the design most often used to ex¬ 
amine lung cancer and passive smoking (1). 
In that setting, recall bias by ill subjects 
may affect reliability of questionnaire re¬ 
sponses in comparison with a volunteer 
population. 


Similar observations on the reliability of 
questionnaire data on passive smoking 
were recently reported by Pron et al. (12)l 
These investigators interviewed 117 sub¬ 
jects, controls in a case-control study of 
lung cancer, on two occasions separated by 
an average of six months. Smoking by 
spouses was reported with high reliability 
(kappa * 0.89 for both wife and husband). 
Repeatability was somewhat lower for 
smoking by the mother (kappa * 0.76) and 
by the father (kappa * 0.44). As in the 
present study, repeatability of quantitative 
estimates of duration of exposure was lower 
than for the categorical descriptions of 
smoking by household members. 

Although neither the investigation of 
Pron et al. (12) nor the present study di¬ 
rectly addresses validity of questionnaires 
on lifetime passive smoking, the validity of 
subjects' reports on smoking by parents and 
spouses has been described. Sandler and 
Shore (13) compared responses on parents’ 
smoking given by cases and controls with 
responses given by the parents or siblings 
of the index cases. Concordance was high 
for whether the parents had ever smoked, 
although the agreement was somewhat bet¬ 
ter for smoking by the mother than for 
smoking by the father. Responses concern¬ 
ing numbers of cigarettes smoked did not 
agree as highly. In a follow-up study of a 
nationwide sample, children s responses on 
smoking by their deceased parents closely 
agreed with the information given 10 years 
previously by the parents themselves (14). 
Other studies have shown that people gen¬ 
erally report the smoking habits of their 
spouses correctly (14-19). However, peo¬ 
ple’s reporting of quantitative aspects of 
the smoking behavior of their spouses tends 
to be less valid (16, 18, 19). 

Smoking by parents during childhood 
and by a spouse during adulthood represent 
the most important sources of household 
exposure to environmental tobacco smoke. 
The studies of subject reports for parents 
and spouses indicate good validity of re¬ 
sponses on smoking by these household 
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members; the study of Pron et al. (12) and 
the present study show that these reports 
are also highly reliable. Thus, exposure 
measures based on cigarette smoking status 
of parents and of spouses, as reported by 
an index subject, are reported with a high 
degree of validity and reliability, although 
these measures may only crudely quanti¬ 
tate the dose of biologically relevant to¬ 
bacco smoke components. In contrast, the 
accuracy of more quantitative measures of 
smoking by these household members is 
lower. The resulting misclassification may 
explain the failure to find exposure- 
response relations for passive smoking and 
lung cancer in some studies (1, 20). 

We also compared responses to questions 
on exposure during the previous 24 hours 
with urinary cotinine level. The time period 
for the questionnaire was limited to the 
previous 24 hours to reduce bias from faulty 
recall; However, since this period is approx¬ 
imately the half-life of cotinine in non- 
smokers (21, 22), the cotinine level repre¬ 
sents not only exposure during the 24 hours 
covered by the questionnaire but prior ex¬ 
posure as well. 

We found modest correlations between 
the questionnaire-based measures of expo¬ 
sure and urinary cotinine levels (table 6). 
The level of correlation must be interpreted 
in the context of the different lengths of 
time of exposure assessed by the question¬ 
naire and by the urinary cotinine level. 
Furthermore, at a given level of nicotine 
exposure, urinary cotinine level is also in¬ 
fluenced by uptake, metabolism, and excre¬ 
tion, which are likely to vary among indi¬ 
viduals. 

Coultas et al. (23) found that question¬ 
naire measures of household exposure were 
not strong predictors of salivary cotinine 
level. In 247 adult nonsmokers with a de¬ 
tectable cotinine level, the subject's age, the 
number of cigarettes smoked per day by the 
spouse, and the number of cigarettes 
smoked per day by other smokers in the 
household explained only 2 per cent of the 
variance in cotinine levels for females and 
16 per cent of the variance for males. Even 


in active smokers, questionnaire responses 
on smoking behavior do not tightly predict 
cotinine concentrations in body fluids (24— 
27). Higher correlations between urinary 
cotinine levels and reported exposure to 
cigarette smoke have been reported for 
young children (28). The higher correla¬ 
tions in the studies of young children prob¬ 
ably reflect the time-activity patterns in 
this age group (29); parental smoking in the 
household is generally the dominant source 
of exposure. 

In adults, the weak relation between co¬ 
tinine level and reported smoke exposure 
implies that a single cotinine measurement 
should not be used to estimate exposure for 
individuals (23). However, in our subjects, 
cotinine levels varied among exposure 
groups (figures 1 and 2), suggesting that 
cotinine measurements might be used as an 
index of mean exposure for members of a 
particular exposure group. 

Nonsmokers are exposed to environmen¬ 
tal tobacco smoke in many different envi¬ 
ronments, including the home, the work¬ 
place, and other private and public loca¬ 
tions. Since subjects in an epidemiologic 
investigation cannot be expected to com¬ 
prehensively describe the extent of expo¬ 
sure in each of these environments, mis¬ 
classification of the amount of exposure to 
environmental tobacco smoke must be an¬ 
ticipated from the use of questionnaires. 
However, subjects can provide valid and 
reliable reports concerning the smoking 
status of household members. The combi¬ 
nation of questionnaires and biologic mark¬ 
ers offers a feasible approach for assessing 
recent exposure to environmental tobacco 
smoke. 
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ther. Compared with the first interview, the 
percentage of subjects reporting parental 
smoking of one pack per day or more was 
higher at the second interview. 

We also examined the reliability of re¬ 
sponses on smoking status and amount 
smoked by sex and by age. The findings 
were similar to the overall analysis within 
strata defined by either sex or age t above 
and below age 40 years. 

Spearman correlations were used to de¬ 
scribe the agreement between the first and 
second interviews on the reported number 
of years and hours per day of exposure to 
environmental tobacco smoke dialing child¬ 
hood. The correlation coefficients were 
high for responses on the number of years 
the parents and other smokers in the 
household had smoked (table 4). However, 


for responses on the number of houn per 
day of smoke exposure in the home, the 
correlation coefficients were much lower 
(table 4). 

We next examined the reliability of re¬ 
ported smoke exposure during adulthood 
(tables 3 and 5). After age 18 years, the 
numbers of subjects living with either their 
mother (n * 8) or their father (n - 9) were 
small. For this small group of subjects, the 
concordance of responses on parental 
smoking status was 100 per cent. Similarly, 
the per cent agreement on spouse’s smoking 
status, as obtained at the two interviews, 
was 100 per cent (n ■ 67h For the amount 
currently smoked by the spouse, the con¬ 
cordance was lower (table 3). Agreement 
between responses about the number of 

other cigarette smokers in the household $$!$$$$ 


Table 4 

Maan year* and hourt par day of childhood cifarrtx* tmoht txpoeure reported by nonsmohen. 

New Me:oca. 1 996 


Exposure variable 

No. 

Flm 

Second 

iBXemem 

Spearman* 

r 

Maternal amokin* 

Yean* 

33 

15.4 

15.7 

0.76 

Hourt/day? 

31 

5.0 

6.4 

0.1S 

Paternal amokin* 

Yean 

57 

iai 

15.4 

0.75 

Houn/day 

55 

u 

44 

044 

Other boueehold member*' 

Yean 

2S 

134 

13.2 

0.63 

Houn/day 

20 

•4 

8.4 

041 


• “Dunn* the period from birth to e*e 18 year*, far how many yeare did be/*he amok* dfarettee?” 
t “On average, durin* the period from birth to age IS year*. toe bow many boyn per day men you exposed 
to individual*' cigarette smoke?” 


Table S 

Mean year* and houn per day of adulthood ngarro* tmche tspoeun reported by nonemohen. 

New Mtxea a. /ESS 


Expoeur* variebi* 

No. 

Flm 

intinv 

-» 

aecDoa 

interview 

Spearman's 

r 

Spouee'a amokin* 

Yean* 

40 

104 

16.4 

046 

Houn/day? 

39 

54 

54 

045 

Other household members’ amokin* 

Yean 

07 

8.3 

84 

0.78 

Houn/day 

50 

117 

104 

044 


• "For bow many yen did be/ebe amok* cigarette* while you w*re sharing your borne?" 
t “On evert*!, bow many hour* per day were you arpoeed to their cigarette amok#?" 
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wu 74.0 per cent (n * 66), with a kappa 
value of 0.50 (p < 0.0001). 

Correlations between responses at the 
two interviews were high for the number of 
years the spouse and other smokers in the 
household had smoked during the subject's 
adulthood, but much lower for the number 
of hours per day of exposure during adult¬ 
hood (table 5). Because of the small number 
of subjects living with their parents after 
age 18 years, we did not calculate correla¬ 
tion coefficients for these variables. 

Urine specimens were obtained from 98 
per cent of the 149 subjects at the first 
interview and 95 per cent at the second 
interview. The median urinary cotinine lev¬ 


els were zero at both interview*, with mean 
levels of 9.2 ng/mg of creatinine at the first 
interview and 7.3 ng/mg of creatinine at 
the second interview. Cotinine levels varied 
widely with the total number of smokers 
and the total number of hours of exposure 
to tobacco smoke (in various situations) 
during the 24 hours prior to urine collection 
at both the first interview (figures 1 and 2) 
and the second interview (data not shown). 
The cotinine levels correlated only mod¬ 
estly with the questionnaire measures of 
exposure (table 6). 

We also assessed the stability of data on 
exposure, as measured by questionnaire 
and by cotinine level (table 6). At the first 



Ficus* l. Urinary cotinine levela, atandardiaed to urinary creetiwn* (Cr) concentration, among oonamokert 
interviewed about tobacco amok* expoeurt, by the total number of cigarette amokera the eubject reported beta* 
expoeed to during the 24 hour* prior to the firet interview. Bara abow the mean cotinine level tor a*ch gro^ 
Valuee in pt_rinf hetei indicate the number of aubjecta with noodetectable level* of cotinine. New M e xico, 1986. 
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A Personal Monitoring Study to Assess Workplace Exposure to 
Environmental Tobacco Smoke 

David B. Coultas, MD, Jonathan M. Samet, MD, John F. McCarthy, ScD, and John D. Spengler, PhD 


Abstract: We enrolled 15 nonsmoking volunteers to evaluate the 
feasibility of measuring personal exposure to environmental tobacco 
smoke (ETS) at work and to characterize workplace exposures. 
During one work shift, we obtained questionnaires on exposure, 
saliva and urine for cotinine. and personal air samples for respirable 
particles and nicotine. The levels of cotinine, respirable particles, 
and nicotine varied widely with self-reports of exposure to ETS, but 
on average increased with increasing exposure. (Am J Public Health 
1990; 80:986-990.) 


Introduction 

While health effects of passive smoking on children and 
adults have been identified, the principal location of exposure 
investigated has been the home. 1 * 2 Workplace exposure has 
received less attention* and health effects of environmental 
tobacco smoke (ETS) in the workplace remain controversial. 

We enrolled 15 nonsmoking adults to determine the 
feasibility of measuring personal exposure to ETS at work 
and to characterize workplace exposures of this small group 
of subjects. Indicators of exposure, measured during a 
workday, included questionnaires, personal samples for 
respirable particles (RSP) and nicotine, and urinary and 
salivary cotinine. 


older, were recruited from the Albuquerque, New Mexico 
area. We obtained exposure questionnaires, saliva, urine, 
and personal air particle samples during one workshift. The 
sali va and urine specimens were obtained before and after the 
workshift. Cotinine was quantitated by a double antibody 
radioimmunoassay, as described by Langone, et aiJ Details 
of the assay in our laboratory have been reported previously . 4 

During the workshift, each subject wore a personal 
monitoring pump running at 1.7 1/min with a 10 mm nylon 
cyclone dipped to the shirt collar. 3 RSP samples were 
collected on 37 mm Fluropore filters (Millipore Corp). Nic¬ 
otine was collected on a glass fiber backup filter treated with 
sodium bisulfate to minimize volatilization; after extraction 
from the filter, analysis for nicotine was done on a gas 
chromatograph with a flame ionization detector. 4 The recov¬ 
ery of nicotine by this procedure has been shown to be 98 
percent efficient. 

From the questionnaires, we derived measures of expo¬ 
sure including the total number of cigarette smokers and total 
number of hours exposed during the workshift. To describe 
the relationships among the measures of ETS exposure, 
Spearman correlations were calculated. Data analysis was 
performed with standard programs. 7 

Results 


Methods 

Between October 1986 and May 1987, 15 nonsmoking 
volunteers (eight men, seven women), 18 yean of age and 
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Occupations of the subjects were diverse (Table 1); mean 
age was 44.8 years; average duration of the workshift and ofw* 
the personal monitoring was 6.5 hours (SD ± 2.0). 

Exposure to cigarette smokers at work was reported byw 
13 of the 15 participants. Of the 13 reporting exposure, twofO 
reported exposure to crowds of smokers during their work-^j 
shift and the remaining 1 rencountered a mean of 8.8 smokers £#% 
(SD ± 6.7). The mean reported hours of exposure was 3.4 (SDrV 
’ 2u * 

Respirable particle and nicotine concentrations varied W 
widely with the reported number of smokers and hours of£J 
exposure. The mean concentrations for RSP and nicotiner/T 
were 63.9 p^/m 3 (SD ±41.5) and 20.4 ►tg/m 3 (SD ± 20.6), Tr 
respectively. Correlations between the atmospheric markers^ 
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TABLE 1—Description of Perttdpenta In s Personal Monitoring Study of 
Exposure to Environmental Tobacco Smoki at Work, Now 
Moxteo, 19M-C7 


Occupation/Workplece 

Workshift Duration/ 
Exposure Duration 
(hours) 

RSP 

(ixg/m 3 ) 

Nicotine 

(*Q/m 3 ) 

MSt&S 

Physiban/Hosprtal I 

a/s 

52.3 

10.0 

Soon) Wo#k#r/Offio* 

8/0 

44.0 

2.5 

Stock Broker/Office 

a'2 

69.4 

7.2 

Bus Boy/Restaurant 

a/8 

145.8 

45.0 

Maintenance Worker/Retail! Store 

8/3 

85.2 

6.9 

Barber/Barber Shop 

at) 

14.7 

4.0 

Barber/Barber Shop 

8/4 

145.8 

137 

Volunteer/Hospital 

4/2 

90.0 

46.0 

Fema/ea 

Interviewer/Public Transportation 

3/2 

4.0 

0.0 

Travel Agent/Offic# 

a/s 

857 

50.0 

Travel Agent/Offic# 

6/4 

62.1 

467 

Attomey/Office 

a/e 

633 

5.9 

Vofunteer/Hoapital 

4/3 

27.6 

6.3 

Votunt**r/Ho*pital 

A3 

25.2 

87 

Vokjrrteer/Hoapitaf 

4/4 

532 

53.2 


and the questionnaire measures of exposure to ETS were 
moderate (Table 2). 

As was observed for the atmospheric markers, the 
post-workshift urinary and salivary cotinine levels varied 
widely with self-reported exposure. In comparison with 
pre-workshift levels, post-workshift levels were not consis¬ 
tently increased. The mean pre-workshift urinary and sali¬ 
vary cotinine concentrations were 31.8 ng/mg Cr (SD ± 67.6) 
and 2.9 ng/inl (SD ± 5.0), respectively. For the post- 
\ workshift levels, the corresponding values were 19.7 ng/mg 
) Cr (SD s 43.2) and 3.5 ng/ml (SD ± 5.9). 

Spearman correlation coefficients were calculated to 
examine the relations among the questionnaire variables, the 
atmospheric markers, and urinary and salivary cotinine 
(Table 2). Moderate correlations were obtained for self- 
repons and cotinine levels, and nicotine levels and cotinine 
levels. However, RSP levels and cotinine concentrations 
were not correlated. 


TABLE 2—Spearman Correlation* betwee n Various M aa au re* of Envl- 
ronmentaf Tobacco Smoke at Work. Haw Mexico, I S— >7 


Correlated Measures 

N 

r 

RSP (ug/m 3 ) with: 



Nicotine 

15 

o.sr 

Total number of smoker* 

15 

0.44 

Total hour* of axpoaur# 

15 

0.53* 

Postahdt urinary ootinin# 

14 

0.05 

Postshrft salivary cotinine 

Nicobne frig/rn 3 ) with: 

11 

-0.07 

Total number of smokers 

15 

0.62* 

Total hours crf exposure 

15 

0.54* 

Postahift urinary cotinine 

14 

0.60* 

Postshift salivary ootimne 

Postshrft urinary ootinine 

11i 

0.46 

(ng/mg Cr) with: 

Total number of smokers 

14 

0.36 

Total hours of exposure 

Postshrft salivary cotinine 

14 

o.sr 

(ng/ml) with: 

Total number erf smokers 

11i 

0.63* 

Total hours of exposure 

11i 

0.45 


*p < 0.05 
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Discussion 

The controversial effects of involuntary smoking in the 
workplace need further investigation. The conduct of such 
research would be facilitated by the development of unintnj- 
sive and accurate methods of exposure assessment. Alter¬ 
native approaches include active and passive monitoring, 
biological markers, and questionnaires. We have shown that 
personal monitoring for tobacco smoke components can be 
accomplished in the workplace. However, many employers 
and employees would not participate in the study because of 
concern about the wearing of pumps. 

Despite the small number of subjects studied in this 
investigation, objective evidence of exposure to ETS was 
obtained in various workplaces. The levels of RSP and 
nicotine were similar to those observed in other 
investigations.*-*- 10 However, few of these studies included 
information on the intensity and duration of exposure to 
ETS. 10 

We observed moderate positive correlations among the 
questionnaire measures of ETS exposure, the results of 
personal monitoring for RSP and nicotine, and measurements 
of urinary cotinine. Each of these types of measures provides 
a differing index of exposure to ETS.' The questionnaire 
measures that were used assess source strength, but concen¬ 
trations of ETS are also influenced by room volume and 
ventilation. Nicotine is a specific marker of exposure to ETS, 
whereas RSP is nonspecific. Cotinine levels reflect nicotine 
exposure, but also are determined by timing of specimen 
collection 10 and uptake and metabolism. Thus, tight concor¬ 
dance among these broad indicators of exposure used in this 
study would not be anticipated. 

Because of the differing characteristics of question¬ 
naires, personal monitoring, and biological markers for 
assessing ETS exposure, no single method should be con¬ 
sidered as optimal for studying the workplace. We recom¬ 
mend that assessment of ETS exposure in indoor environ¬ 
ments should utilize multiple approaches to characterize 
short- and long-term exposures. In population studies, ques¬ 
tionnaire measures of exposure offer the simplest approach 
with personal atmospheric markers and biologic markers 
providing methods for estimating the potential magnitude of 
miscJassification of self-reported exposure. 
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Sexual Histories of Heterosexual Couples with One HIV-Infected Partner 

Nancy S. Padian, MPH, PhD 


Abstract: Ninety-eight heterosexual couples enrolled in a HIV 
transmission study, at least one of whom was HIV-infected, were 
interviewed about sexual behavior. Although males and females 
were interviewed separately, there was agreement between them on 
the number of sexual contacts, the practice or anal intercourse, and 
condom use. These findings of strong reliability are encouraging, but 
do not necessarily imply that the data are valid. (Am J Public Health 
1:990; 80:990-991.) 


Introduction 

The best way to prevent the spread of infection from 
human immunodeficiency virus (HIV) is voluntary behav¬ 
ioral change. 1 Before recommending strategies to promote 
such changes, one must first establish the kinds of behavior 
currently practiced. To do so, AIDS (acquired immunodefi¬ 
ciency syndrome) researchers rely almost exclusively on 
interviewing techniques, but many question the validity and 
reliability of this methodology.* For example, in a study of 
the reproductive histories of a group of women, Hornsby and 
Wilcox 3 established that daily logs of sexual behavior were 
more accurate than comparable data collected through ret¬ 
rospective interviews. Similar results were found by both 
Udry and Moms 4 and Kurun and Ames, 5 who determined 
that recent and frequent reporting of sexual behavior pro¬ 
duced the most precise results. However, AIDS epidemiol¬ 
ogists may not have the opportunity to collect data on a 
regular basis and are thus forced to rely on retrospective 
reports of behavior even though the accuracy of these reports 
(especially for a variety of sexual practices) has not been 
established. Here I report on the reliability of such data, 
comparing reports of sexual behavior between men and 
women in couples of which at least one partner was HIV 
seropositive. 

Methods 

Since 1985 we have been conducting a study of the 
heterosexual 1 transmission of acquired immunodeficiency 
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syndrome (AIDS) in California in which we enroll the 
opposite sex partners of individuals infected with HIV. 
Although the study began by enrolling the female partners of 
HIV-infected men, 6 in 1987 we began to enroll participants as 
couples. Individuals who test positive for HIV at a variety of 
sites and who also have heterosexual partners are referred to 
the study as part of their post-test counseling. Enrollment is 
voluntary; study protocol is described elsewhere. 6 

Interviewers are female and are matched to couples by 
ethnicity. They are trained in group and individual sessions 
that include role playing and interpretation of interview 
responses. Results were reliable across interviewers. To 
ascertain number of sexual contacts, the interviewer asks 
how many times the couple has sexual intercourse in a typical 
week or month. Deviations from this number throughout the 
relationship are noted. The total number of contacts is 
estimated by multiplying the duration of the relationship by 
the typical reported amount and weighting this number by 
changes in sexual activity over time. Individuals in the couple 
are interviewed separately on the same day. 

Behaviors considered in this report are: vaginal inter¬ 
course, anal intercourse, and condom use. Continuous re¬ 
sponses were compared using Pearson’s correlation coeffi¬ 
cient, and categorical responses were compared' using the 
Kappa coefficient and its corresponding confidence limits as 
described by Fleiss. 7 HFV infection was ascertained from 
serological tests using enzyme immunoassays with Western 
Blot confirmation. 


Results 


This report includes data from 98 couples, 68 percent of 
which were monogamous at entry into the study. Most of the 
men and women reported only one partner in the six months ^ • 
prior to entry into the study. Median number of partners since 
1978 (the beginning of the AIDS epidemic) was five for the w 
women and 10 for the men. The overall male-to-fem&Je ro 
transmission rate from the study which began in 1985 was 24 
percent. Seventy-seven of the couples included infected men 
and their female partners; 12 (16 percent) of these women ^ 1 
were infected. Twenty-one of the couples were infected 
women and their male partners; none of these men were 
infected. The reported risk group of the infected partner of 
the 98 couples varied and is described in Table I. Sixty-three 
percent of the couples were White, 20 percent Latino, 7 
percent Black, I percent Asian, and the remainder were 
couples of mixed ethnicity. Average income for the couples 
was $20-29,000 per year; average level of education was 13 


CO 

G7 

10 


990 


AJPH Augu* 1990. Voi. 80; No. 8 


Source: https://www.industrydocuments.ucsf.edu/doGs/szpxOOOO 



ft 


* 


v /Variability of Measures 
• Tobacco Smoke in the 


of Exposure to Environmental 
Home 1-4 


DAVID B. COULTAS,* JONATHAN M. SAMET, JOHN F. MCCARTHY, and JOHN D. SPENGLER 


) 


) 


Introduction 

Numerous epidemiologic investigations 
have examined the adverse effects of pas¬ 
sive smoking on children and adults;tlS 
evidence is sufficiently compelling to es^ 




i nonsmok 


_’1,2). Both the 1986 

Surgeon General's Report (1) and the Na¬ 
tional Research Council (2) have conclud¬ 
ed that passive smoking causes increased 
lower respiratory illness in infants, in¬ 
creased respiratory symptoms in children, 
reduced lung growth during childhood, 
and lung cancer in nonsmokers. Al¬ 
though health effects^oTpassive smo£ 
have fieencravincmllyBmi^tra^ 


additional research is needed to ad¬ 
dress unresolved issues concerning this 
preventable exposure. For example, more 
precise description of exposure-response 
relations should be achieved for the al¬ 
ready established health effects. Uncer¬ 
tainties concerning the adverse effects of 
passive smoking in the workplace and on 
the occurrence of ischemic heart disease 
must also be resolved. 

The conduct of this research would be 
facilitated by improved methods for ex¬ 
posure assessment In most epidemiologic 
studies on passive smoking published to 
date, exposure to environmental tobacco 
smoke, the combination of exhaled main¬ 
stream smoke and sidestream smoke, has 
been assessed by questionnaire. However, 
exposure to environmental tobacco smoke 
can also be estimated with air monitor¬ 
ing and measurement of biologic mark¬ 
ers in body fluids, such as salivary coti¬ 
nine. Biologic markers are increasingly 
emphasized as a standard for validating 
questionnaire responses. To characterize 
the relationships among these alternative 
approaches for assessing passive smok¬ 
ing in the home environment, we con¬ 
ducted a prospective study of 10 house¬ 
holds. We periodically collected ques¬ 
tionnaire information on exposure and 
measured respirable particles and nico¬ 
tine in air samples and urinary and sali¬ 
vary cotinine in the 20 nonsmokers in 
these households. 


SUMMARY W* imtMd th# variability of tour mari»f» of amrtronmantal tobacco smote exposure 
In 10 horn** with 20 nonsmoking and 11 amoldnfl houaahoki mambara. W* obtatnad axpoaura quaa- 
tfonnalr**, aallva and urtn# lor cotlhlba, and air partlcto aamplaa tor raaplrabto parttotoa and nicotine 
on 10 aampllng days: avary othar day oar 10 day*, and than 1 day avary othar waak evar 10 wk. 
Tha maan concantrattona of raapIraWa parUdaa In tha 10 homaa rangad trom 32.4 to 7SJ ug/ffi’, 
and concantrattona of ntootlba rangad from (Uto6J ng/m\ Unaar ragraaaton modala that ihdodad 
Indicator vartabiaa tor aafMaportad axpoaura axpialnad 0 and «H of tha variability of tha vaapirablt 
parttok and tha nteotiha concantrattona, raapactlvafy. Tha Individual maan urinary cotlnlna lavala 
atandardtzad to craatlnlna concentration rangad from M to 5$J ng/mg Cr, and tor salivary cotlnlna 
tha maan lavala rangad from OS to 4 3 ng/ml. Indicator vartabiaa ter aaH-raportad axpoaura axplalnad 
I and 23H of tha variability of tha urinary and aallvary cotlnlna lavala, raapactlvaly. Wa conchtot 
that bacauaa of tha marfcad variability of thaat maaauraa, multiple maaauramanta am naadad to 
MtM>llah a atabla profile of axpoaura to environmental tobacco amofaa In tha homa. 

AM REV ItESeW DM 19*0. U3:e«-40e 


Methods 

Sample Selection 

Between February and December 1986, 149 
nonsmoking volunteers, 18 years of age and 
older, were recruited from Albuquerque and 
surrounding communities to participate in a 
study of the accuracy of questionnaire assess¬ 
ment of exposure to environmental tobacco 
smoke (3). From this sample, we selected 10 
subjects living with at least one cigarette 
smoker and requested the participation of the 
entire household for this investigation. The 
households were selected on the basis of will¬ 
ingness to participate and location, and were 
not intended to be representative of the origi¬ 
nal sample. 

Data Collection 

Between March and October 1986, we ob¬ 
tained exposure questionnaires, saliva and 
urine, and air particle samples on 10 sampling 
days: every other day over 10 days, and then 
1 day every other week over 10 wk. The ques¬ 
tionnaires and saliva and urine specimens were 
obtained at the end of a 24-h air monitoring 
period (described below). From the question¬ 
naires, we determined the reported number 
of smokers and number of hours that the sub¬ 
jects were exposed during the previous 24 h 
to cigarettes, cigars, and pipes at home, at 
work or school, in a vehicle, and in other 
places. Questionnaires were self-completed by 
the adults, and by a parent for children 14 
years of age and younger. Spot saliva and 
urine specimens were obtained and frozen 
at -20° C until the cotinine assays were 
performed. 


Cotinine Assay 

Cotinine was quantitated by a double anti¬ 
body radioimmunoassay, as described by Lan- 
gone and coworkers (4). A specific antiserum 
produced in rabbits was supplied by Dr. He¬ 
len Van Vunakis (Brandeis University). Urine 
samples were diluted 1 A for the assay. The 
sensitivity of the assay in our hands was 36 
pg/tube or 0.78 ng/ml of urine (4,204 
pmol/L). Urine creatinine concentrations 
were determined by the Jaffe reaction (5), and 
the cotinine concentrations were standardized 
to the creatinine concentrations. Assays were 
performed without knowledge of question* 
nairt responses. 
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House 

Fig. 1. Respirable particle concentrations (RSP) measured during 24-h sampling periods in TO homes with at 
least one cigarette smoker. The bars indicate the mean levels lor each home. 


Data analyses were performed with stan¬ 
dard programs of the Statistical Analysis Sys¬ 
tem (8). 


Results 

The 10 households included 11 cigarette 
smokers and 20 nonsmokers, II females 
and nine males 1.5 to 74 yr of age. The 
homes included eight unattached single 
family houses, one mobile home, and one 
apartment. 

Reports on exposure to tobacco smoke 
in the home were obtained for all 10 sam¬ 
pling days from 17 subjects, and for 9 
days from three subjects. The reported 
number of cigarette smokers in the home 
per day did not vary widely. The median 
number (range) of smokers per day was 
one for 18 of the nonsmoking subjects 
(zero to 10), zero for one subject (zero 
to 1), and four for one subject (2 to 25). 
Greater variability was reported for the 
number of hours exposed to cigarette 
smoke in the home, with the median 
number of hours ranging from zero to 


Particle Measurements 
In the major activity room of each home, Har¬ 
vard School of Public Health imp actors (6), 
operating at a flow rate of 4 L/min, were used 
to collect respirable particles and gaseous 
nicotine samples. Through a timed solenoid 
switching valve, two impactors used a com¬ 
mon, mass-flow controlled pump, and each 
impactor operated on alternate 15-min col¬ 
lection cycles. Respirable panicle samples, 2.5 
pm in diameter or less, were collected on 
Teflon* filters (Membrana, Inc., Pleasanton, 
CA), and nicotine was collected on sodium- 
bisuifate-treated glass fiber filters (Millipore 
Corp., Bedford, MA) to minimize its volatili- 
zaiiom After extraction from the filter, anal¬ 
ysis for nicotine was done on a Shimadzu 
GOA gas chromatograph (Columbia, MD) 
with a flame ionization detector The nico¬ 
tine collection and extraction procedure is a 
modification of that described by Hammond 
and coworkers (7); The recovery of nicotine 
by this procedure has been shown to be 98% 
efficient. The sensitivity for detection of 
respirable panicles and nicotine was 5.0 pg 
and 0;05 ppm, respectively. 

Data Analysis 

Variability of questionnaire responses, respira¬ 
ble panicle and nicotine concentrations, and 
urinary cotinine levels were assessed with 
univariate analyses. From the questionnaire 
responses, we used the total number of house¬ 
hold smokers, including cigarette, cigar, and 
pipe smokers, and the total number of hours 
exposed as the measures of home exposure. 
The predominant source of tobacco smoke 
was from cigarette smoking. During the en¬ 
tire sampling period, there were only 4 days 
in which any subject reported exposure to a 
cigar smoker, and none reported exposure to 
* pipe smoker. 


To examine determinants of the variability 
in the measurements, we used multiple linear 
regression.The dependent variables (respira¬ 
ble panicles, nicotine, urinary cotinine, and 
salivary cotinine) were analyzed as continuous 
variables. For the predictive factors, indicator 
variables were defined for house (HOUSE « 
1 to 10), individual (INDIVIDUAL = 1 to 
20), age group (AGE GROUP < 18 yr versus 
> 18 yr), season (SEASON = March-April 
versus May-October), and number of smok¬ 
ers per day (NUMBER * zero versus > 1). 
Other independent variables, number of hours 
(HOURS) exposed per day, respirable pani¬ 
cles, and nicotine were continuous. 


11 h. 

Respirable particle and nicotine con¬ 
centrations were obtained for 99% of the 
sampling days (figures 1 and 2). The 
mean concentrations of respirable parti¬ 
cles in the 10 homes ranged from 32.4 
pg/m^ (SD = 13.1) to 76.9 pg/m* (SD 
= 32.9), and concentrations of nicotine 
ranged from 0.6 pg/m 3 (SD = 0.69) to 
6.9 pg/m 3 (SD = 8.2). Spearman's corre¬ 
lation coefficient between the respirable 
particle concentrations and the nicotine 
concentrations was 0.54 (n = 99, p = 
0 . 0001 ), 



Fig 2 Atmospheric nicotine concentration* measured during 24-h sampling periods in 10 homes with at least 
one cigarette smoker. The bar* indicate the mean levets tor each home. Levels of nicotine were undetectable 
on 1 or more days in Houses 1 (n - 3). 2 (n - 2), 4 (n - 2). and 6 (n • 1). 
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TABLE 1 

COEFFICIENTS OF DETERMINATION'FOR THREE LINEAR REGRESSION 
MODELS* PREDICTING RESPIRABLE PARTICLE AND 


NICOTINE 

FROM 

CONCENTRATIONS 
10 HOMES, NEW 

IN AIR SAMPLES 
MEXICO. 1986 




R’ 


Dependent Variable 

Model i 

Model 2 

Model 3 

Respirable particles, M 9 /nn 5 

0.34 

0 06 

009 

Nicotine, tig/m 1 

0.2B 

0 04 

0.06 


* Independent vanaWes Model 1 * HOUSE (1 to 10. representing tt>* 10 Nomas). Modal 12 • NUM¬ 
BER (zero versus > 1 smokers) ♦ SEASON (March-April versus May-Octobar). Modal 3 - NUMBER 
(neo war**/* > 1 smokers) + HOURS (continuous) ♦ S£ASON (MercN-Apol versus May-Oclober) 


TABLE 2 


REGRESSION COEFFICIENTS FOR MODEL THREE* PREDICTING 
RESPIRABLE PARTICLE AND NICOTINE CONCENTRATIONS IN 
AIR SUPPLY FROM 10 HOMES, NEW MEXICO, 1986 



Regression Coefficients lor Model 3 


One Of More 
Smokers 

HOURS 

Cold Months 

Respirable partides, tig/in 3 

+17.3 

(-3.0, 37.7)t 

+ 0.4 

(-1.0, 1.8)! 

+ 6.9 

(i- lit, 18.9) 

Nicotine, Hg/m* 

+ 2.1 

(-2.7, 5.9) 

+ 0.2 

(-0.1, 0.5) 

-0.7 

(—2.5, 1.1) i 


* See tart and table 1 tor description of Modal 3. 
t B 5 % confidence interval* shown in parentheses. 


The variability of respirable particle 
and nicotine concentrations for the two 
sampling periods, every other day or ev¬ 
ery other week, were described with one¬ 
way analysis of variance. For the respira¬ 
ble particle concentrations, the intra¬ 
house mean square error, describing the 
extent of variation for a particular house¬ 


hold, was greatest for sampling every oth¬ 
er day (516.8) compared with every oth¬ 
er week (258.7). A contrasting pattern of 
variation was observed for nicotine, with 
mean square errors of 3.6 and 19.0 for 
every other day and every other week, 
respectively. 

For the panicle and nicotine measure- 



chid 


Fig. a Urinary cotinine concentrations standardize to urinary creatinine concentration in nine nonsmoking chiU 
dren from homes with at least one cigarette amoker. The bars indicate the mean levels lor each child Levels 
of urinary cotinine were undetectable on 1 or more days tor Subjects 2 (n - 2), 4 (n, — 2), 5 (n - 3), 9 (n - 
4), 10 (n - 1).,12(11 - 1), 16 (n.- 1). and 18 (n - 5). 


merits, we used linear regression to ex¬ 
amine factors influencing the concentra¬ 
tions and the variability of the concen¬ 
trations. A model that included variables 
representing each of the 10 houses ex¬ 
plained the greatest amount of variabili¬ 
ty, as shown by the magnitude of the R J 
value (table l) r Compared with the model 
with the variables for individual homes, 
the models that included number of 
smokers explained markedly lower per¬ 
centages of the variability of levels of 
nicotine and particles. Although not sta¬ 
tistically significant, increases in respira¬ 
ble particles were associated with expo¬ 
sure to one or more cigarette smokers in 
the home and with the colder months, 
March and April (table 2). There was no 
association of particle levels with the 
number of hours of exposure. Nicotine 
levels increased, although not significant¬ 
ly, with exposure to smokers in the home, 
but were not predicted by the season 
(table 2). 

Cotinine levels were obtained on 187 
urine specimens from 20 nonsmokers, 
and 153 saliva specimens were obtained 
from 16 nonsmokers. We were unable to 
obtain saliva specimens from four chil- 
dreni alt 4 yr of age or younger. The in¬ 
dividual mean urinary cotinine levels 
standardized to urinary creatinine con¬ 
centration ranged from 3.9 ng/mg Cr (SD 
= 6.5) to 55.8 ng/mg Cr (SD = 32.0): 
For salivary cotinine, the mean levels 
ranged from 0.9 ng/ml (SD = 0.8) to 4.3 
ng/ml (SD = 1.4). The mean urinary 
cotinine levels and variability tended to 
be greater in the children than in the 
adults (figures 3 and 4) (data not shown 
for salivary cotinine). Spearman’s corre¬ 
lation between the urinary cotinine and 
salivary cotinine concentrations was 0.32 
(n = 153, p = 0.0001). Correlations be¬ 
tween the cotinine levels and the at¬ 
mospheric markers were highest for sali¬ 
vary cotinine and nicotine (table 3); 

As for the atmospheric markers, we 


TABLE 3 

SPEARMAN’S CORRELATION COEFFICIENTS 
BETWEEN COTININE LEVELS IN URINE 


AND SALIVA AND RESPIRABLE 
PARTICLES AND NICOTINE, 
NEW MEXICO. 1986 



r 

Urinary ootinine. n » 187 

Respirable particles 

0.25 

Nicotine 

0 15 

Salivary cotinine. n - 153 

Respirable particles 

0.25 

Nicotine 

0.38 


i 


t 


Source: https://www.industrydocuments.ucsf.edu/docs/szpx0000 


2023513362 



f 


MEASURES Of EXPOSURE TO ENVIRONMENTAL TOftACCO SMOKE 


605 



Fig. 4. Urinary cotinine concentrations standardized to urinary creatinine concentration in 11 nonsmoking adutts 
from homes with at least one cigarette smoker The bars indicate the mean levels tor each adult. Levels of urinary 
cotinine were undetectable on 1 or more days tor Subjects 1 (n - 4)j 3 (h - 2), 8 (n - 2), 11 (n - 1), 13 (n 
- 6), 14 (n - 6), and 15 (n • 2). 


) 


i 

t 
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TABLE 4 

COEFFICIENTS OF DETERMINATION FOR THREE LINEAR REGRESSION 
MODELS* PREDICTING URINARY AND SALIVARY COTININE 
CONCENTRATIONS IN NONSMOKERS EXPOSED TO 
TOBACCO SMOKE, NEW MEXICO, 1906 




R* 


Dependent Variable 

Model 1 

Model 2 

Model 3 

Urinary cotinine, ng/mg Cr 

0.47 

0.05 

0.06 

Salivary cotinine, ng/ml 

0.57 

0.09 

0.23 


* lnd»p*ndenl vahebMs: Model 1 - INDIVIDUAL (1 to 20. r*prM*ntmg the 20 nonsmoking individu¬ 
al): Modal 2 - NUMBER (zero varsus > 1 smokars) + SEASON {March-Apnl versus May-October) 
♦ AGE GROUP « 18 versus > 18 yr); Model 3 - NUMBER (zero versus > 1 smokers) > HOURS 
(continuous) ♦ SEASON (March-Apr* versus May-Octobar) + AGE GROUP {<18 vorsus > 18 yr) 


used one-way analysis of variance to de¬ 
scribe the variability in urinary and sali¬ 
vary cotinine concentrations during the 
two sampling periods: every other day 
or every other week. In contrast to the 
atmospheric markers, the variability in 
cotinine levels was comparable for the 
two periods. The intraindividual mean 


square errors for urinary cotinine were 
175.8 and 194.8, and for salivary cotinine 
it was 0.9 and 0.7; 

For the urinary and salivary cotinine 
levels, we also examined determinants of 
variability and concentration with line¬ 
ar regression. Models that included in¬ 
dicator variables for the 20 nonsmoking 


subjects explained 47 and 57®7o of the 
variability in cotinine levels, respectively 
(table 4), Compared with this model, oth¬ 
er models that included exposure to en¬ 
vironmental tobacco smoke and age 
group explained much lower proportions 
of the variability. Urinary cotinine levels 
were significantly (p < 0.05) higher 
among children than among adults (ta¬ 
ble 5). Although the effect was not sig¬ 
nificant, exposure to one or more smok¬ 
ers resulted in higher urinary cotinine lev¬ 
els than did no exposure. The number 
of hours of reported exposure and the 
season were not significant predictors of 
cotinine level. For salivary cotinine lev¬ 
el; the hours of exposure was the only 
significant predictor. 

Prediction of level of urinary or sali¬ 
vary cotinine was not greatly improved 
with the use of respirable particles or 
nicotine as independent variables. The 
proportions of the variability in the uri¬ 
nary cotinine levels explained by respira¬ 
ble particle and nicotine concentrations 
were Oj 03 and 0.04, respectively. For sali¬ 
vary cotinine, the corresponding R 1 
values were only slightly higher at 0.07 
and 0.13, respectively. 


Discussion 

Environmental tobacco smoke is a com¬ 
plex mixture of gases and particles that 
changes as it ages. Personal exposure to 
environmental tobacco smoke is deter¬ 
mined by the nonsmoker’s activity pat¬ 
tern; exposure may be received in the di¬ 
verse microenvironments encountered 
throughout the course of day-to-day ac¬ 
tivities. For many nonsmokers, the home 
is a predominant location of exposure (9). 
In this investigation, we assessed methods 
for measuring exposure to environmen¬ 
tal tobacco smoke in the home that can 
be used for epidemiologic research: air 
monitoring, questionnaires, and biolog¬ 
ic markers. 

In other populations, cigarette smok- 


TABLE 5 


REGRESSION COEFFICIENTS FOR MODEL THREE* PREDICTING URINARY AND SALIVARY COTININE 
CONCENTRATIONS IN NONSMOKERS EXPOSED TO TOBACCO SMOKE, NEW MEXICO. 1986 




Regression Coefficients* Mod*l 3 


On# or More 
Smokers 

HOURS 

SEASON 

AGE GROUP 

Urinary cotinine, ng/mg Cr 

♦ 5.4 

♦ 0.8 

-0.2 

♦ 5 4 


(-4.0. 156)* 

(0.0. 1.6) 

(-5.8, 5.4) 

(0.0. 10.8) 

Salivary cotinine, ng/ml 

♦ 0.13 

♦ 0.15 

-0.02 

-0.81 


(-0.06, 0.06) 

(0 09. 0.21) 

(-0 41, 0.37) 

(-1.34, -0.2B) 


' Saa text and taNa 4 for description ct Modal 3. 
T 95% oonfidanca intervals shown In parsnt h— a. 
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ing has been shown to be a strong source 
6f respirable particles in the home (1,10, 
11). Spenglerand coworkers (10) estimate 
ed that the average increase in the indoor 
concentration of respirable particles was 
20 pg/m* for each smoker. We estimated 
an average increase of 17 pg/m 3 for one 
or more smokers (table 2); the average 
concentrations in the New Mexico homes 
(figure 1) were above the mean of 24 
Hg/m 3 in nonsmoking homes from six 
U.S. cities (10). Nicotine was present on 
most sampling days (figure 2). The mod¬ 
erate correlation between the nicotine 
and respirable particle concentrations 
(Spearman's r = 0.54) confirms the im¬ 
portance of tobacco smoking as a source 
of particulate pollution in the home. Lit¬ 
tle data have been reported on nicotine 
concentrations in the home (1; 2); the lev¬ 
els in the New Mexico homes were some¬ 
what lower than an average concentra¬ 
tion of 11.2 ng/m 3 reported by Muramat- 
su and coworkers (12) for three homes 
in Japan. However, the results from our 
investigation and the Japanese study are 
not directly comparablfc because the Jap¬ 
anese data were from personal samples. 
Furthermore, information on intensity 
or duration of exposure to tobacco smoke 
was not provided for the Japanese homes. 

)' In a recent study in North Carolina, the 
homes of 27 children were monitored 
overnight for nicotine with a sampler that 
was located near the child (13). The aver¬ 
age nicotine concentration in homes with 
smokers was 3.74 pg/m 3 , with a range 
from about 1 to 7 pg/m 3 . The higher lev¬ 
els in bur study may reflect the differing 
sampling strategies; the nicotine sampler 
remained in the activity room through¬ 
out the monitoring period in our study, 
but it was moved to the child’s bedroom 
in the North Carolina study when the 
child slept. 

Questionnaires on exposure to envi¬ 
ronmental tobacco smoke generally as¬ 
sess the strength of the source, e.g., the 
number of smokers or the number of cig¬ 
arettes consumed, and the duration of 
exposure. The concentration of environ¬ 
mental tobacco smoke, however depends 
not only on the source strength but on 
room size, mixing, adsorption of smoke 
components, and the rate of exchange of 
indoor with outdoor air. Personal ex¬ 
posure also varies with the nonsmoker’s 
proximity to the smoker. Questionnaires 
cannot comprehensively and accurately 
assess each of these factors. 

Not surprisingly, we found that the 
questionnaire responses were poor pre¬ 
dictors of concentrations of respirable 




particles and nicotine (table 1). The higlu 
est Revalues were obtained with a regres¬ 
sion model that included variables for the 
individual homes; presumably, these vari¬ 
ables represented characteristics of the 
homes, many of them unmeasurable, that 
determined concentrations at a given lev¬ 
el of smoking. 

Cotinine, nicotine’s major metabolite, 
has a half-life of 20 to 40 h in nonsmok¬ 
ers (1). It can serve as a specific biologic 
marker of exposure to environmental 
tobacco smoke that has been received 
over a period of days. At any given level 
of nicotine exposure, cotinine levels in 
body fluids are also determined by up¬ 
take, metabolism, and excretion (1). In 
regression analyses to predict cotinine 
concentrations, the models that includ¬ 
ed variables for the individual subjects 
gave the highest R 2 values (table 4). 
Models including only the questionnaire- 
derived exposure measures or the at¬ 
mospheric markers had low Revalues. 
Our findings in a large population-based 
survey were similar (14). In 247 nonsmok¬ 
ing adults with a detectable cotinine lev¬ 
el, variables for subject age, number of 
cigarettes smoked by the spouse, and 
number of cigarettes smoked by other 
household smokers explained only 2^0 
of the variance of salivary cotinine level 
for females, and 16*7© of the variance for 
males. 

In epidemiologic investigations of the 
adverse health effects of environmental 
tobacco smoke, questionnaires have been 
the sole approach for assessing exposure 
(1, 2). Air monitoring and biologic mark¬ 
ers represent promising and feasible ap¬ 
proaches for assessing exposure to en¬ 
vironmental tobacco smoke. For the 
home environment, our data demonstrate 
that indexes of exposure to environmen¬ 
tal tobacco smoke based on question¬ 
naires, biologic markers, and air moni¬ 
toring are not tightly correlated. At a par¬ 
ticular level of exposure, as assessed by 
inventory of household smokers, concen¬ 
trations of respirable particles and nico¬ 
tine vary widely, as do levels of salivary 
and urinary cotinine. The variability of 
the atmospheric and biologic markers 
must be considered in using them as stan¬ 
dards for assessing misclassification by 
questionnaires. For environmental tobac¬ 
co smoke exposure at home, our data sug¬ 
gest that single measurements of either 
levels of environmental tobacco smoke 
components or of biologic markers are 
not adequate for characterizing usual ex¬ 
posure. Multiple measurements are need^ 
ed. It may be misleading to assess the va¬ 


lidity of questionnaire measures against 
a single determination of an atmospher¬ 
ic or biologic marker. We suggest that 
atmospheric and biologic markers offer 
complementary’ approaches to question¬ 
naires for assessment of exposure to cm 
vironmental tobacco smoke, and that 
these methods should be used together 
to estimate the magnitude of misclassifi- 
cation from questionnaire responses. 
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LETTERTO THE EDITOR 


IMPLICATIONS FOR DISEASE MISCLASSIFICA- 
TION IN EPIDEMIOLOGICAL STUDIES OF LUNG 
CANCER RISK FOR NONSMOKERS EXPOSED TO 
ENVIRONMENTAL TOBACCO SMOKE 

Dear Editor. 

The U. S. Environmental Protection Agency (EPA) 
appears to have diminished or dismissed the poten¬ 
tially significant role of disease misclassificadon 
in its review of lung cancer risk in nonsmokers 
reportedly exposed to environmental tobacco smoke 
(ETS). After reviewing 31 epidemiological studies of 
lung cancer risk in nonsmokers married to smokers 
v. those married to nonsmokers (USEPA 1992), EPA 
concluded that the statistics support the conclusion 
of a significant risk for nonsmokers exposed to ETS. 
Adjustments were made for potential misclassifica- 
tion of smoker status, but EPA made no attempt to 
adjust for potential disease misclassificadon, which 
is more likely to result in overesdmadon than under- 
esdmadon of reladve risk. 

Disease misclassificadon arises when "lung can¬ 
cer cases" are not primary lung carcinomas but are 
secondary cancers that have metastasized to the lung 
from primary tumors originating in other body tis¬ 
sues. Definitive diagnosis of primary lung cancer 
requires histological or cytologicai examination of 
lung tissue. 

Diagnoses based on other than histological or cyto¬ 
logicai examination are equivocal, at beau American 
Cancer Society researchers noted (Gaxfinkel et aL 
1985) one U.S. study in which 13% of hospital cases 
were found to be improperly identified as primary 
lung cancers. 

The EPA Review Draft acknowledges the pos¬ 
sibility of disease misclassificadon in epidemiologi- 
cal studies, commenting that it creates "bias toward 
the null" without further explanation or acknow¬ 
ledgement that such bias is not consistent in the 
direction of bias nor in magnitude from study to 
study. 


Relative risk in epidemiological studies is deter¬ 
mined from the data arrayed as follows: 


Lung Cancer 

ETS Exposed 

Present 

Yej 

No 

YM 

4 

b 

No 

1 C 

d 


with the odds ratio for case-control studies calcu¬ 
lated from the formula, OR * ad/bc, and the relative 
risk for cohort or prospective studies from the for¬ 
mula, RR * (a/a+c)/(b/b+d). (For editorial simplicity, 
the term relative risk is often used for both kinds of 
studies and determinations.) 

The potential effect of disease misclassification 
can be illustrated in the study of Hirayama (1984) in 
Japan, which was among the earliest of the epidemio¬ 
logical assessments said to find lung cancer risk in 
nonsmokers married to smokers. Hirayama (1984), 
along with the early Greek study (Trichopoulos et all 
1981) were the only studies in the data bases of the 
National Research Council (NRC 1986) and the 
Surgeon General’s (USSG 1986) reports to claim 
statistically significant increased risk for non- 
smokers married to smokers. 

The Hirayama study was based on 91 540 death 
certificates, of which 200 reportedly were for non- 
smokers who had died of lung cancer Twenty-one 
(10.5%)of the.certificates reported cause of death 
determined by autopsy, but the type of lung cancer 
was not specified, and there is no basis for believing 
that many were histologically or cytologically con¬ 
firmed as primary lung carcinomas. For the remain¬ 
ing 179 (89.5%) cases, no basis for the classification 
of death was reported, indicating that at least 
89% and up to 100% of the lung cancer cases in 
Hirayama’s study are of questionable disease 
classification. The Surgeon General’s Report (USSG 
1986) noted the potential for disease misclassifica- 
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lion with the comment that "Hirayama was unable to 
assess the accuracy of the diagnoses listed on the 
death'certificate [sK" 

Assessing the Hirayama data from the following 
array 


Lung Cancer 

ETS Exposed 

Present 

| Yes 

No 

Yes 

163 

37 

No 

69 482 

21 858 


EPA (USEPA 1992) reported a crude relative risk of 
1.38 (90% C.I. 1.03-1.87). There is potential disease 
misclassification^ however, for all 200 lung cancer 
cases, with more than four and one-half times as 
many cases among those exposed to ETS than among 
those not exposed. 

If as few as four of the 163 lung cancer cases ex¬ 
posed to ETS were disease mis classified—i.e., were 
not primary lung carcinomas—the relative risk 
would be a statistically nonsignificant 134 (CX 0.99- 
1.71). 

Of the 31 epidemiological studies in the data base 
of the EPA Review Draft, ail lung cancer cases of 12 
studies were reported to have been histologically or 
cytologically confirmed. In 14 studies, from 2% to 
100% of the lung cancer cases had not been defini¬ 
tively confirmed, while in 5 studies, the method and 
extent of verification were not reported. 

Among the 27 case-control studies, ten had 10% 
or more of lung cancer cases not definitively con¬ 
firmed as primary carcinomas, including 45 (83%) of 
54 cases in the Liu study, 40 (43%) of 94 cases in 
Akiba, 14 (35%) of 40 cases in Trichopoulos, 108 
(26%) of 417 cases in Wu-Williams, and 46 (19%) of 
246 cases in Gao, for a total of 253 (30%) of 851 
"lung cancer cases" not confirmed as primary. For all 
case-control studies where the extent of diagnosis 
confirmation was established, EPA data show 302 
lung cancer cases were not definitively confirmed; 

Of the cohort or prospective studies, none of the 
200 lung cancer cases in the Hirayama study were 


known to have been confirmed as primary, and the 
Review Draft notes the absence of information on the 
other three cohort studies. It also notes that in 10 
studies "secondary lung cancers" had not been ex¬ 
cluded. 

The EPA Review Draft shows 64% of the cases 
were classified as exposed to ETS, so that there may 
be nearly twice the likelihood of disease misclas- 
sification among "cases" classified as exposed to 
ETS as among those not exposed. However, any 
assumptions about the distribution of disease mis- 
classifications in specific studies or in the overall 
data base would be entirely speculative and insup¬ 
portable. 

The failure to give appropriate consideration in 
the EPA Review Draft to the significant potential for 
disease misclasstfication reduces confidence in risk 
estimates derived from the data and raises serious 
questions about public health policies based on such 
studies. 

A. W. Katzenstein 
Katzenstein Associates 
Larchmont, NY 10538 

This review was conducted at the request of The 
Tobacco Institute; the statements expressed herein 
are solely those of the author. 
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Increased Risk of Lung Cancer in Non-smokers Married 
to Smokers: A Result of ETS Exposure or of Bias? 

P. N. Lee 


Summary 

Combined evidence from at least 15 epidemiological cohort and case-control studies 
appears to indicate non-smokers married to smokers have a risk of lung cancer 30%- 
40% higher than that of non-smokers married to non-smokers. This increase is 
surprisingly large, given the very low level of exposure to smoke constituents of non- 
smokers compared with that of smokers. The possibility that it results wholly or in part 
from bias, rather than as a direct effect of exposure to environmental tobacco smoke 
(ETS), must be considered seriously. Weaknesses of much of epidemiological evidence 
and the various possible sources of bias are discussed in detail. 

One serious potential source of bias arises if even a small proportion of smokers are 
misclassified as non-smokers. Data from a series of studies specifically designed to 
determine accuracy of statements on current smoking habits (by salivary cotinine 
measurements) and on past smoking habits by repeated questionnaires) suggests that 
such misclassiflcation might cause bias large enough to explain a major part, and perhaps 
all, of the apparent increase in lung cancer risk related to spouse smoking. Whilst 
evidence from a detailed review of the available literature on misclassiflcation of smoking 
habits, is consistent with this view, there is a need for more research on this issue. Future 
epidemiological studies on passive smoking and lung cancer need to obtain more 
objective and reliable information on the subject’s smoking habits and exposure to ETS. 
Bias can also arise if positive studies are more likely to be reported than negative studies 
and research is needed to attempt to estimate the extent of this bias. 

Data currently available do not permit reliable conclusions to be drawn concerning 
the relationship of ETS exposure to lung cancer risk. 

The Association 

Since the early studies of Hirayama (1981) and Trichopoulos et al. (1981) reporting that 
never smokers married to smokers have a higher risk of lung cancer than those married to 
non-smokers, further epidemiological evidence has accumulated. Table 1 summarizes 
evidence from 16 published studies, 1-3 being prospective studies and 4-16 case-control 
studies. Wald et al. (1986), based on results from studies 1-13, reported an overall 
significant relative risk of 1.35, with 95% confidence limits of 1.19-1.54. This estimate is 
in broad agreement with other estimates of 1.30 (Lee 1984), 1.41 (Wells 1986) and 1.2-1.5 
(Doll 1986). It would not be materially affected by including results from studies 14-16 of 
Table 1 since they are all small, and have relative risks that vary either side of the average. 

While the overall evidence, which is based on a total of almost 1,200 lung cancer 
deaths in never smokers, predominantly in females, suggests a statistically significant 
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Table 1. Summary of epidemiological studies of risk of lung cancer in never smokers in relation to 
environmental tobacco smoke exposure 


Study Authors 
number 

Study 

location 

Sex 

Number Relative 
of lung risk 
cancers* 

Signifi- 

cance b 

1 

Hirayama (1981, 1984) 

Japan 

F 

163 

1.63 

Yea 




M 

64 

2.25 

Yea 

2 

Garfinkel (1981) 

USA 

F 

153 

1.17 

No 

3 

Gillis et al. (1984) 

Scotland 

F 

8 

1.00 

No 




M 

6 

3.25 

No 

4 

Trichopoutos et al. 

Greece 

F 

77 

2.11 

Yea 


(1981,1983) 






5 

Chan and Fung (1982) 

Hong Kong 

F 

84 

0.75 

No 

6 

Correa et al. (1983) 

USA 

F 

22 

2.07 

(Yes) 




M 

8 

2.00 

No 

7 

Bumer et al. (1984) 

USA 

F 

41 

0.78 

No 




M 

11 

0.52 

No 

8 

Kabat and Wynder (1984) 

USA 

F 

24 

0.79 

No 




M 

12 

1.00 

No 

9 

Koo et al. (1984, 1987) 

Hong Kong 

F 

88 

1.64 

No 

10 

Garfinkel et al. (1985) 

USA 

F 

134 

1.31 

(Yes) 

11 

Akiba et at. (1986) 

Japan 

F 

94 

1.50 

No 




M 

19 

1 80 

No 

12 

Lee et al. (1986) 

England 

F 

32 

1.00 

No 




M 

15 

1.30 

No 

13 

Pershagen et al. (1987) 

Sweden 

F 

67 

1.20 

No 

14 

Wu et al. (1985) 

USA 

F 

29 

1.20 

No 

15 

Ziegler (in Delager 

USA 

M 

16 

<1 

No 


etal. (1986)) 






16 

Humble et al. (1987) 

USA 

F 

20 

1.80 

No 




M 

8 

>1.80 

No 


* Among never smoking subjects 

b Yes = significant at 95% confidence level in comparison of exposed and non-exposed subjects; 
(Yes) = significance only in trend analysis or in subjects exposed to heavy smokers 


association, it is not at all clear that it represents a causal effect of exposure to 
environmental tobacco smoke. 

Before coming to any conclusion it is necessary to consider two important questions: 

(a) Is the magnitude of the association plausible, in view of what is known about the 
epidemiology of active smoking and the relative levels of smoke constituents to which 
smokers and non-smokers are exposed? 

(b) Is the epidemiological evidence open to any serious bias which might affect relative 
risk estimates in specific studies, or generally? 
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Table 2. Comparison of relative risks of lung cancer in relation to passive and active smoking 


Study 

number 

Authors 

Sex 

Relative risk 


Ratio of 

excess 

risk 

Passive 

Active 

1 

Hirayama (1981, 1984) 

F 

1.63 

3.81 

0.22 



M 

2.25 

4.91 

0.32 

3 

Gillis et al. (1984) 

F 

1.00 

1.53 

0.00 



M 

3.25 

5.92 

0.46 

4 

Trichopoulos et al. (1981, 1983) 

F 

2.08 

2.90 

0.57 

5 

Chan and Fung (1982) 

F 

0.75 

3.07 

-0.12 

6 

Correa et al. (1983) 

F 

2.07 

18.51 

0.06 



M 

2.00 

18.27 

0.06 

7 

Buffler et *1. (1984) 

F 

0.78 

5.37 

-0.05 



M 

0.52 

5.26 

-0.11 

9 

Koo et a). (1984,1987) 

F 

1.64 

3.80 

0.23 

11 

Akiba et al. (1986) 

F 

1.50 

3.36 

0.21 



M 

1.80 

3.55 

0.31 

12 

Lee et al. (1986) 

F 

1.00 

4.75 

0.00 



M 

1.30 

12.91 

0.03 

14 

W U et al. (1985) 

F 

1.20 

4.50 

0.06 


Plausibility 

Table 2 compares relative risks of lung cancer in relation to passive and active smoking. 
The passive smoking estimates compare risk in never smokers according to whether or 
not they are married to a smoker, while the active smoking estimates compare ever 
smokers and never smokers. Exceptionally, in studies 1 and 3, the comparison is in 
relation to current rather than ever smoking. The table also shows the ratio of excess risk 
in relation to passive and active smoking. Nine of the 16 ratios suggest an effect of passive 
smoking 6% or less than that of active smoking, while seven suggest an effect 20% or 
more. Overall the epidemiological data appear to be indicating that passive smoking has 
10-15% of the effect of active smoking. Most studies of active smoking suggest a linear 
relationship between lung cancer risk and number of cigarettes smoked per day, though a 
quadratic relationship has been proposed (Doll and Peto 1978). It follows that if the 
epidemiological data are unbiased one would expect that the average dose received from 
passive smoking is at least 10%-15% of that from active smoking. 

Many workers have used the (virtually) tobacco specific marker cotinine as an 
indicator of exposure of passive and active smokers. Table 3, based on an extensive UK 
study by Lee (1987) which will be referred to in more detail below, found that the increase 
in salivary cotinine in relation to passive smoking was less than 1% of that in relation to 
active smoking. Similar findings have been reported by other workers (e.g. Jarvis et al. 
1984). The only study reporting relative levels much higher than this (Matsukura et at. 
1984) has been questioned (Adlkofer et al. 1985; Pittenger 1985). 

Since lung cancer risk in smokers is generally thought to be related to particulate 
matter rather than nicotine, it can be argued that an index of relative exposure of passive 
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Table 3. Salivary cotinine levela in relation to active and passive smoking 


Exposure 

Sex 

Salivary cotinine (ng/ml) 




Exposed 

Non-exposed 

Differences 

Active smoking 

M 

319.2 

0.85 

318.3 

F 

310.6 

0.40 

310.2 

Spouse smoking 

M 

2.9 

0.6 

2.3 

(among non-smokers) 

F 

1.0 

0.3 

0.7 

Ratio of differences 


Male 0.7% 

Female 0.2% 




Table 4. Smoking related particulate levels in US smokers and non-smokers 

Measure 

Sex 

Smoking related particulates (mg/day) 

Active smoker 

Non-smoker 

Ratio 

Inhaled dose 

M 

477.3 

0.63 

0.1% 


F 

366-3 

0.30 

0.1% 

Retention 


80% 

11% 


Retained dose 

M 

381.8 

0.069 

0.02% 


F 

293,2 

0.033 

0.01% 


and active smokers based on particulate matter would be more relevant. Table 4, based 
on Arundel et al. (1986), gives estimates for the US population of relative inhaled and 
retained particulate matter doses of non-smokers and active smokers. The ratios in Table 
4 have to be adjusted upwards by a factor of 2 or 3 to make them comparable with the 
data in Tables 2 and 3, since (see Table 3) the difference between exposed and non- 
exposed non-smokers is two to three times the average level of non-smokers. This brings 
the inhaled dose estimates broadly in line with the cotinine estimates, though the retained 
dose estimates are about an order of magnitude lower. The lower figure for retained 
particulate matter is based on the work of Hiller et al. (1982a,b) who found that the 
collection efficiency of particles in environmental tobacco smoke is 11 %, in contrast to 
the substantially higher figure of 80% for mainstream smoke. Robins (1986) also 
calculated that non-smokers take in the equivalent of an extremely small number of 
cigarettes per day in terms of respirable particulates. He noted that estimates of cigarette 
equivalents based on cotinine may be misleadingly high, since, whereas nicotine is in the 
particulate phase in mainstream smoke and will be absorbed mainly through the lungs, 
nicotine in ETS is mainly in the vapour phase, and, being water soluble, can be absorbed 
through the mucous membranes without ever reaching the lungs. 

There appears to be a huge discrepancy , of two or perhaps three orders of magnitude 
between the claimed relative effects of passive and active smoke exposure and the much 
smaller relative exposure of passive and active smokers. What might explain this huge 
discrepancy? 
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One might argue that studies of active smoking, by including exposed and non- 
exposed non-smokers in their comparison group, underestimate the effect of active 
smoking so that the ratios in Table 2 are too high. 

This is irrelevant for three reasons: 

(a) the comparison between Tables 2 and 3 is in fact direct and not affected by this false 
baseline problem, 

(b) failure to take the false baseline into account would have virtually no effect if risk was 
proportional to exposure and exposures in passive smokers are so low and 

(c) it ignores a bias in the opposite direction due to failure to take into account the fact 
that smokers obviously have greater passive smoke exposure than do non-smokers. 

Another point to be considered is duration of smoking. Since, in active smokers, risk of 
lung cancer is approximately related to the 4th power of duration of smoking (Doll and 
Peto 1978), one might infer that failure to take account of differences in duration might 
cause relative bias by a factor of 3.2 (= 60*/45 4 ) when comparing a 60 year old non- 
smoker exposed to passive smoke from birth and a 60 year smoker who started at age 15. 
Actually, the relative bias will be much less than this for two reasons. First, by no means 
all passive smokers will have been exposed since birth. Second, the "duration to a power" 
formula is only a valid approximation at smoker doses. Assuming a multistage model, it 
can easily be shown that at low doses the excess risk in relation to passive smoking 
becomes approximately linearly related to duration of smoking. 

Neither of the above points really affect the huge discrepancy for which an 
explanation is being sought. If one is still wishing to accept the epidemiology as valid, one 
would have to seek an explanation either in a greater toxicity of ETS than mainstream 
smoke or in a greater susceptibility of non-smokers. While there is evidence that 
sidestream smoke has higher concentrations of some toxic chemicals than mainstream 
smoke, the relevance of this finding to environmental tobacco smoke which is aged, 
vastly diluted, chemically altered sidestream smoke, is not at all clear. There does not 
appear to be any direct evidence that ETS is particularly noxious. Nor is there any direct 
evidence that active smoking reduces susceptibility to relevant effects of ETS. 


Limitations of Epidemiology 

While it is not possible to completely rule out such explanations, the obvious alternative 
explanation - that the epidemiology is in some way biassed - seems on the face of it much 
more plausible. While the claimed effect of passive smoking may be large when viewed 
against the magnitude of effect predicted on dosimetric grounds, it is actually quite small 
when viewed against the magnitude of effect it has proved possible in the past to reliably 
identify using epidemiological methods. Alderson (1983) has suggested that a well 
designed case-control study should be able to confirm a two fold difference in risk but 
that, for differences less than this, the power of the study design may be inadequate. 
While case-control studies are particularly susceptible to a variety of sources of potential 
bias, this conclusion may well be true for any non-randomised epidemiological study 
(Lee 1988a). 

In trying to assess whether bias might have arisen in the epidemiological evidence it is 
necessary to consider potential limitations of the available data. A number of general 
points can be made: 


Source: https://www.industrydocuments.ucsf.edu/docs/szpxOOOO 
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Unrepresentativeness 

Although it is clear that the combined study population in Table 1 is not fully 
representative of non-smokers, this does not appear to be a serious issue, since studies 
have been carried out in the US, UK, Greece, Sweden, Japan and Hong Kong, and Wald 
et at. (1986) found no evidence of significant heterogeneity of relative risk estimates. 


Sample Size 

While none of the studies considered in Table 1 concern particularly large numbers of 
non-smokers with lung cancer, chance can hardly be the total explanation of the 
association between passive smoking and lung cancer since the overall relative risk 
estimate quoted by Wald et al. (1986) of 1.35 is quite highly statistically significant, with 
95% confidence limits of 1.19-1.54. 


Confounding 

Not all the studies considered have taken into account the possible confounding effect of 
factors known or suspected to be related to lung cancer, such as occupation or nutrition. 
Although it would perhaps be expected that non-smokers married to smokers might to 
some extent share the tendency of smokers to work in dirtier jobs, standardisation for 
occupation, or indeed any confounding factor, has never been found in practice to 
explain any material part of the association between lung cancer and passive smoking. It 
does not seem likely that failure to take confounding factors into account has materially 
affected the issue. 


Inappropriate Choice of Controls 

General scientific principles demand that like should be compared with like as far as 
possible. In a number of studies, there were clear exceptions to this. Gne example is the 
study of Trichopoulos et al. (1981,1984) in which controls came from a different hospital. 
This may cause bias if patients came from different catchment areas with different 
smoking characteristics. Another example is the recently reported study of Humble et al. 
(1987), in which virtually all the interviews with controls were conducted directly while 
much of the data for cases came from surrogates. While inappropriate choice of controls 
may have materially biassed a few studies, it does not seem very likely, however, that it is 
a major explanation for the huge discrepancy. 


Inaccuracy of Disease Classification 

It is well known that diagnosis of lung cancer is imperfect and studies such as those by 
Garfmkel et al. (1985) which took pains to check and review all available evidence are to 
be preferred to those that did not do so. However, random m ^classification of diagnosis 
would be expected to reduce the observed association between lung cancer and passive 
smoking, not increase it, and differential misclassification of diagnosis does not seem 
very likely, inasmuch as the doctor making the diagnosis is likely to have been blind to the 
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patient’s HTS exposure in most cases, and not to have been affected by it even if he was, 
given most diagnoses were made before the first study on the issue was published in 1981. 


Non-reporting Bias 

A problem in combining results from various studies to come to an overall assessment of 
the evidence, by so-called * meta-analysis”, is the possibility that the studies being 
combined are not representative of all those that have been carried out. In particular, 
overall estimates of relative risk may be biassed upward if a scientist is less likely to 
submit for publication, or a journal is less likely to publish, studies which show no 
significant relationship of disease to the factor of interest or a significant trend in the 
direction opposite to that expected in advance. Convincing evidence of bias resulting 
from this in the context of randomised controlled trials has recently been collected by 
Chalmers et al. (1987) and the problem may generally be greater in epidemiological 
studies. One can easily imagine an investigator running a range of statistical analyses, 
finding a few significant associations of interest, and then publishing papers on those, 
ignoring the non-significant relationships. One can also imagine journals not being too 
keen to given space to a paper on a new null association and one must inevitably wonder 
whether the reason the first two studies published on passive smoking and lung cancer 
(Hirayama 1981; Trichopoulos 1981) found a significant association was because first 
published papers on any association tend to be positive. Indeed, there seems a case for 
carrying out meta-analysis giving most weight to studies showing no association and least 
weight to studies published first. 

Although it is obviously important to conduct research into the problems of non- 
reporting bias in epidemiological studies, it is difficult to claim that it is the full 
explanation of the overall association between passive smoking and lung cancer. The 
reasons for this view are two-fold. Firstly, the overall association remains significant 
(though the relative risk estimate reduces to 1.20), even after eliminating the Hirayama 
and Trichopoulos results. Secondly, the fact that lung cancer and passive smoking has 
been a very "hot" issue in recent years suggests researchers should now be able to publish 
results from studies showing no association between passive smoking and lung cancer 
risk. 


Lack of Objective Measure of ETS Exposure 

A limitation of all the published epidemiological evidence is lack of objective 
measurement of exposure to ETS. Subjects are classified mainly by whether or not they 
are married to a smoker and occasionally by reported degree of exposure outside the 
home, but there are no data available either on ambient levels of tobacco smoke 
constituents at home or at work or on levels in body fluids such as blood, urine or saliva. 
While (e.g. see Table 3) it can be shown that marriage to a smoker is indeed associated 
with increased levels of cotinine, the relatively crude method used for determining 
exposure leads to possibilities of bias in case-control studies where knowledge of disease 
may consciously or subconsciously affect reporting of ETS exposure. While this may 
have caused upward bias of the reported relative risk in some case-control studies, it can 
hardly explain the whole association, since it would not be expected to cause upward bias 
in prospective studies and the association seems as strong in prospective as in case- 
control studies. 


Source: https://www.industrydocuments.ucsf.edu/docs/szpxOOOO 
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Tables. Hypothetical example of bias due to misclassification of 5% of smoking subjects as non- 
smokers 


Smoking habit* 

Assumed 

Observed 




Subject 

Spouse 

N 

Risk 

N 

Risk 

Passive 

effect 

Active 

effect 

NS 

NS 

60 

1 

60 + 2= 62 

1.61 

1 


NS 

S 

40 

1 

40 + 3= 43 

2.33 

1.44 


NS 

Total 

100 

1 

100 + 5 = 105 

1.90 


1 

S 

NS 

40 

20 

40-2= 38 

20 



S 

S 

60 

20 

60-3= 57 

20 



NS 

Total 

100 

20 

100-5= 95 

10 


10.5 

Assumed concordance 

= (60 X 60)/(40 X 40) 

= 2.25 




Observed concordance 

= (62 X 57)/(43 X 38) 

= 2.16 





* NS, non-smoker; S, smoker 


Lack of Objective Measure of Active Smoking Status 

Although considered last, this appears to be the most serious problem affecting the 
epidemiological evidence on passive smoking and lung cancer. As will be shown in the 
next section, completely erroneous conclusions can be reached when the "non-smokers* 
being studied actually include a small proportion of misclassified true smokers. 


Misclassification of Active Smoking Habits as a Major Source of Bias 

As shown in Table 5, misclassification of a small proportion of smokers as non- 
smokers, coupled with a tendency for smokers to be married to smokers (“concordan¬ 
ce") can create an apparent positive effect of passive smoking when no actual effect 
exists. It also leads to an underestimation of the active smoking effect and of the 
concordance. The passive smoking bias depends critically on the assumed relative risk 
for active smoking, the degree of concordance and on the level of misclassification of 
subject smokers as non-smokers. This source of bias will also produce an artificial dose 
response relationship when the “non-smoking" subjects are divided according to the 
amount smoked by the spouse. It can be shown (Lee 1988b) that misclassification of 
non-smoking subjects as smokers and of smoking spouses as non-smokers causes a 
degree of bias that is minor compared with that resulting from misclassification of 
smoking subjects as non-smokers. 

In an attempt to determine the extent to which smokers misreported their smoking 
habits and to which smokers tend to be married to smokers, Lee (1987) carried out three 
separate studies. In the first study, which concerned accuracy of reported current habits, 
1775 British subjects were asked about their smoking habits and use of other nicotine 
products in a non-health context likety to minimize underreporting of smoking. They 
were then (with no prior warning) asked to provide saliva for cotinine analysis and 1537 
agreed to do so. As shown in Table 3 there was in general a very marked difference 
between the cotinine levels of tobacco users and non-users. Using 30 ng/ml as a cut-off, 
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1.1 % of self-reported non-users could be classified as occasional users, with levels of to 
100 ng/ml, while 1.4% could be classified regular users, with levels above 100 ng/ml. 

The second study, which aimed at obtaining information, on accuracy of past 
smoking habits, followed up in 1985 540 subjects previously interviewed in 1980 about 
their smoking habits. Ten% claiming on one occasion never to have smoked made 
inconsistent statements on the other occasion, with inconsistent smokers being more 
often men, old, smokers of fewer cigarettes and long term ex-smokers. 

The third study, which aimed at obtaining information on smoking habit concordan¬ 
ce, involved 8857 subjects aged 16+ interviewed regarding their own smoking habits and 
that of their spouse. The concordance ratio, 3.55 in men and 3.07 in women, was found to 
be rather greater than that assumed in the example in Table 5. Concordance rose with 
amount smoked. Thus, the chance of having a spouse who was a manufactured cigarette 
smoker was 22% for subjects who reported no such smoking, and 45%, 52% and 59% 
respectively for subjects who reported smoking 1-17, 18-22 and 23+ manufactured 
cigarettes per day. 

From the data obtained, Lee (1987) concluded that misclassification could bias 
relative risk estimates in relation to passive smoking upwards by a factor of 1.31 in men 
and 1.24 in women, not significantly different from the pooled estimate of risk in relation 
to passive smoke exposure. 

At about the same time as Lee presented his findings, Wald et al. (1986) used similar 
techniques to estimate the bias from misclassification, but based on a number of smaller, 
and less representative studies, not specifically designed for the purpose. They estimated 
this misclassification would have less effect, reducing the pooled estimate of risk only 
from 1.35 to 1.30, i.e. it had only caused upward bias by a factor of 1.04. 

Examination of the detail of how the estimates of bias of Wald et at (1986) and of Lee 
(1987) were arrived at reveals three reasons for the difference. The first was that Wald et 
al. (1986) used an assumed relative risk of 8 for the effect of active smoking observed in 
women whereas Lee (1987) used 10. The second was that the calculations of bias by Wald 
etal. (1986) were mathematically inaccurate, due to confusion between true relative risks 
in relation to active smoking and those observed (which are affected by misclassifica¬ 
tion). These are less important than the third reason, which is that Lee et al. (1987) found 
that 1.4% (10/808) self-reported non-smokers were current regular smokers, whereas 
Wald et al. (1986) only found 0.14% (1/705) such cases. 

In an attempt to reconcile this difference, I have recently conducted a detailed 
literature review of the evidence on misclassification of smoking habits, which will be 
published as a book early in 1988. 

Despite the various study designs and populations involved a number of clear 
conclusions were reached; 

(1) Even in circumstances that are apparently similar quite a wide variation in the extent 
of misclassification can be found. 

(2) The proportion of “non-smokers" subsequently found actually to be smokers is 
markedly higher in smoking cessation studies than in studies where the respondent is 
under no special pressure not to smoke. 

(3) The proportion of "non-smokers" subsequently found actually to be smokers is also 
markedly higher in lung cancer patients than in the general population. This is not 
surprising in view of the overall apriori expectation that a lung cancer patient actually 
is a smoker. 

(4) Studies of "non-smokers" without lung cancer and under no special pressure not to 
smoke suggest that around 4% are likely actually to be current smokers. While not all 
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studies provide information on the extent to which such misclassified smokers smoke, 
and those that do indicate many of them are occasional smokers, it seems that 1 to 2% 
of self-reported non-smokers are regular smokers. 

(5) In addition to these misclassified current smokers there are a somewhat larger number 
of ex-smokers misclassified as never smokers. Available information suggests that 
these tend to have smoked less and a longer time ago than average ex-smokers. 

(6) None of the studies have investigated whether the extent to which smokers deny 
smoking depends on whether their spouse happens to smoke, which is of theoretical 
importance as it could materially affect estimates of bias. 

(7) There is even now virtually no information on the extent to which smoking habits 
might be misclassified in Japan and Greece, from whence came the early epidemiolo¬ 
gical evidence on passive smoking and lung cancer. The only study in Japan, by Akiba 
et al. (1986), provided data suggestive of substantial misclassification of smoking 
habits. Here, of 187 men who reported not smoking in 1964-68, as many as 96 (51 %) 
reported in 1982 that they had smoked. 

While there is an obvious need for further research on misclassification of smoking habits 
the results of the review 1 suggested strongly that Wald et a!. (1986) had seriously 
underestimated its importance. 

Overall Conclusion 

It has clearly been shown that there is a huge discrepancy between the relative doses of 
smoke constituents to which passive and active smokers are exposed and the much larger 
relative effect claimed from epidemiological evidence. The most likely explanation for 
this discrepancy seems to be a persistent bias affecting all the studies due to a small 
proportion of smokers being wrongly classified as non-smokers in the epidemiological 
studies. 
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An Introduction to the Study of Smoking 
Using Urinary Hydroxyproline 

H. Kasuga 


Summary 

The indicators used to identify the effects of environmental tobacco smoke (ETS) and 
exposure to low level nitrogen dioxide (N0 2 ) on the respiratory system are so weak that 
they can not be detected using traditional markers such as the increased prevalence of 
respiratory symptoms and a decrease in lung function. After studying urinary hydroxyp¬ 
roline (HOP) starting in 1977, we first reported the significant relationship between HOP 
and smoking, ETS and N0 2 in the air, in 1981. Since then, the coherent association 
between urinary HOP and the established pathological and biological development of 
lung diseases has been studied. Bias problems based on confounding factors, misclassifi¬ 
cation of nonsmokers and over- or underestimation of ETS effects also have been 
discussed. 

Among articles presented by us during the past 4 years, several papers and some 
arguments for and against this study on urinary HOP were introduced: 

1) The effect of cessation from smoking on the urinary excretion of hydroxyproline [ 19]. 

2) A prospective repeated cross-sectional study on the possible health effects caused by 
automobile exhaust and passive smoking [20]. 

3) Impact of smoking on the concentration and activity of alpha- 1-antitripsin in serum, 
in relation to the urinary excretion of hydroxyproline. Matsuki H, Kasuga H et a!., 
1988. 

4) Behavior of urinary hydroxyproline and effect of cigarette smoking in silicosis. Osaka 
F, Kasuga H, Matsuki H et al., 1985. 

5) Opinions contrary to the relationship between urinary hydroxyproline and smoking, 
ETS and N0 2 . 


introduction 

Hydroxyproline (HOP) is one of the essential constituents in collagen and elastine and is 
an unique one which is not found in other tissues. Therefore, urinary HOP is regarded to 
be a potential candidate for the study of the breakdown of lung tissue due to smoking and 
environmental tobacco smoke (ETS). 

As is generally known, the index symptom such as "a persistent cough and phlegm" 
based on the BMRC Questionnaire \ 1 ] is used frequently as a clinical marker, but it is not 
applicable for ETS effects because prevailing concentrations of ETS are estimated to be 
less than 1 % of an undiluted mixture of sidestream and second-hand mainstream smoke. 
Therefore, urinary HOP as a biochemical marker for ETS effects appeared on the stage, 
and a causal relationship between smoking including ETS and its health effect was 
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EPIDEMIOLOGY: 

ITS SCOPE AND 
LIMITATIONS FOR 
INDOOR AIR QUALITY 

by KARL UBERLA 


Prof. Dr. Med. Kart Uberla, bom in 1935, studied medicine and psychology at the Universities of Heidelberg, 
Munich, Innsbruck and Freiburg. He got his MJD. in 1960 at Freiburg and his master's degree in psychology in 
1962. From 1962 to 1963 he was visiting associate professor at the Department of Psychology at the University of 
Illinois. He worked as Research Assistant at the Institute fur Medizinische Statistik und Dokumentation of the 
University of Mainz. After his completing habitation thesis in 1968 he got the chair as professor of medical statis¬ 
tics and data processing at Ulm. He served there as dean of the medical faculty and as vice president of the Univer¬ 
sity. Since 1973 he has the chair of Medical Informatics, Biometry and Epidemiology at the University of Munich. 
During 1981-1985 he served as President of the Federal Health Office, Berlin. He has published more than 200 
scientific articles on topics in Epidemiology, Biometry, Medical Data Processing, Risk Evaluation and Public Health. 


Science is inherently controversial, particularly when it reaches its 
thresholds. Specifically, this is the case with low risk associations based on 
epidemiologic and toxicologic evidence. Examples of low risk associations 
in the control of indoor air quality are formaldehyde, asbestos, radon and 
"passive smoking". When SNOW in Great Britain analysed the association 
between cholera and water supply in the last century by epidemiologic 
methods, the relative risk was much larger. Today we are mainly concerned 
with low risk associations. 

In my paper I will first address the scope of epidemiology and some of 
its basic limitations. In the second part I will deal with a case study of pas- 
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sive smoking. Does passive smoking cause lung cancer? What is the contribu¬ 
tion of epidemiology to this question? Such a case study provides a fair idea 
of the problems in low risk estimation by epidemiologic and toxicologic 
methods. 

Toxicology and epidemiology are partners in the assessment of risks. 
Toxicology ascertains whether a risk in man can exist. Epidemiology ascer¬ 
tains whether there is a risk in man and what the size of the risk is. The rela¬ 
tion between toxicologic methods and epidemiologic methods is important. 
On what line of thought should we rely? From a scientific point of view 
toxicologic data can only show whether there can< be a risk in man. 
Epidemiologic methods alone can show whether there really is such a risk 
in man and what the magnitude of such a risk is. The latter cannot be in¬ 
ferred from toxicology data. 


I. THE SCOPE OF EPIDEMIOLOGY 

There are some twenty definitions of epidemiology, which vary to some 
extent. I use here the definition by MACMAHON (1970): Epidemiology is 
the study of the distribution and determinants of disease frequency in mam 
This definition -like others- contains, on the one hand, the distribution of 
diseases and health in populations, the descriptive part of epidemiology. On 
the other hand, it Contains the search for the causes and determinants of dis¬ 
eases, implemented by analytic epidemiology. Epidemiology has a rich his¬ 
tory. It uses nowadays complicated statistical models. Descriptive and 
analytic methods both contribute to the evidence. 

Epidemiology starts from available data. Widely used data are vital 
records and death certificates, morbidity surveys, data from disease notifica¬ 
tion and registration and dedicated studies. Basic characteristics of persons 
are used in epidemiologic studies. Such characteristics are age, sex, race and 
nationality, marital status, occupation and socioeconomic status. There are 
a host of other variables to be considered, but experience has shown that 
these are important for most studies. 

Epidemiology studies the variation in time. Variation in time can hint 
at the factors underlying diseases. There are point epidemics, which are 
limited to space and time. There are secular changes and cyclic fluctuations 
and there exist sometimes clusters in time. Variations in place are very im- 
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portant to epidemiology. Differences in disease frequencies between 
countries can be partly attributed to socioeconomic and other differences 
between nations. International comparisons are therefore a useful instru¬ 
ment. Also the variation within a country can be an important source of our 
knowledge. The study of migrant populations -for instance the diseases of 
Japanese immigrants and their offsprings in the United States- offers an espe¬ 
cially interesting source of epidemiologic evidence. 

There are various study types in epidemiology. To make things simple I 
mention only two basic ones: cohort studies and case control studies. In cohort 
studies one starts in the present and observes into the future. In a defined 
group of people the exposure is assessed -for instance with environmental 
tobacco smoke (ETS)- and the lung cancer cases are observed in the follow¬ 
ing years. When performed properly such studies give good evidence. They 
need large numbers and are expensive. One can estimate incidences from 
such studies, one can estimate relative risks and one can also ascertain the 
attributable risk. 

Case-control studies start with the cases and for every case one or several 
"controls" are selected. In both groups one tries to assess the exposure from 
history. This implies certain weaknesses. One can calculate a so-called odds 
ratio from such studies, which is an approximation of the relative risk in the 
case of low risk. One has to be careful in interpreting such studies for a variety 
of reasons. They are disturbed by bias, that is, systematic error. The memory 
is very susceptible to modifications of the reality. The controls might not be 
fair, confounders cannot be excluded and so on. However, case-control 
studies are not so expensive. One often has no other choice than to rely on 
the weaker evidence provided by such studies. 

I want to mention three problems. Bias is a systematic error, which can 
occur in all epidemiologic studies. It is basically defined by the difference 
between the true value and its estimator. There are various sources and types 
of bias, for instance selection bias, interviewer bias and so on. Confounding 
means that the exposure-disease relationship is mixed up with the effects of 
extraneous variables. If such variables are observed, confounding can be con¬ 
trolled for, at least in principle. Misclassification means that a person is 
wrongly counted in a certain group, when he or she belongs to> another group. 
A systematic trend in misclassification is called differential misclassification^ 
which can give rise to wrong estimates of relative risk. 

We use three different risk measures in epidemiology: incidence, rela- 


47 


Source: https://www.industrydocuments.ucsf.edu/doGs/szpxOOOO 


2023513381 


tive risk and attributable risk. The incidence is the ratio of those getting a 
disease or experiencing an event during a certain time span in relation to 
those at risk. The relative risk is the ratio of two incidences: the incidence in 
those with a defined risk and the incidence in those without the risk. The 
relative risk is independent of the size of the incidence. So it does miss an 
important part of the information on the risk. Another risk measure is the 
attributable risk. It is a difference of incidences: the incidence of those under 
risk minus the incidence of those without risk. Basically this is the number 
of additional deaths which are caused by the exposure in a defined popula¬ 
tion. The attributable risk can only be used when one knows that there is a 
causal relation between exposure and event. Otherwise the attributable risk 
is a speculation. One must stress that these three risk measures should not 
be used separately. They are connected by definition and they should be 
viewed together since each of them contains only part of the information on 
risk. 

A statistical association does not imply a causal relation. One has to 
keep this in mind. A statistically significant association is from the very begin¬ 
ning fictitious. It has often nothing to do with causal connection. We had for 
instance in our country during a certain time a statistically significant associa¬ 
tion between the number of nests of storks and the number of babies bom, 
which clearly is an artifact. Causal influence is approached by exclusion of 
other explanations. There are well-known criteria which must be fulfilled in 
their majority, if one wants to infer a causal connection between'exposure 
and effect from epidemiologic data. These criteria for a causal inference 
from epidemiolbgic studies were proposed by Bradford-Hill and have been 
modified. They are criticized nowadays by some epidemiologists. Only a few 
causal connections remain acceptable when one sticks to these criteria. They 
are very basic and can be relied upon. They surely are acceptable to scien¬ 
tifically oriented persons. However, they should not be used like a simple 
checklist: fO 

c 

- There should be consistency of association in the available studies. 

- The results should be similar in the same circumstances and should be^j 

j; replicable. h* 

| - The strength and the intensity of an association is an indicator forC*3 

, causality. A causal connection is less probable w'ith a low relative risk^ 

• of 2 than with a high relative risk of 5 or 10. jsj 
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- There should be specificity of association. Exposure, effect and way of 
action should be specific. This means that the exposure and the effect 
must be measured in a reliable and valid way. 

- There should be a dose-response relationship. With higher doses there 
should be larger effects, at least in a certain dose range. 

- The temporal relation between exposure and event should be such that 
the effect can be caused by the exposure. In cancer the latency period 
between exposure and event is 15 years and longer. 

- Bias and confounding should be carefully excluded: 

- There should be an impact of intervention. Removing the exposure 
should lead to a reduction of the risk, as was the case in the British 
doctors’ study on the cessation .of smoking and lung cancer. 

- Finally, there should be biological plausibility. 

Applying those criteria, one usually ends with limited or inadequate 
evidence. The International Agency of Research on Cancer (5) has used 
those criteria and proposed four levels of epidemiologic evidence in cancer 
research: 

1. Sufficient evidence of carcinogenicity. There is a causal relationship 
between the exposure and human cancer. 

2. Limited evidence of carcinogenicity. A causal interpretation is 
credible; however, alternative explanations (such as chance, bias and 
confounding) cannot be adequately excluded. 

3. Inadequate evidence. There are few pertinent data or the available 
studies, while showing evidence of association, do not exclude chance, 
bias or confounding. 

4. No evidence. Several adequate studies are available which do not 
show evidence of carcinogenicity. 

Epidemiology as far as it is a science should adhere to stringent criteria. 
Otherwise it will become the playing ground for time-dependent opinions 
and prejudices. It is as honest to adhere to the null! hypothesis as it is honest 
to accept the alternative hypothesis. In science the proof of the alternative 
hypothesis relies on those who propose it. In regulation one has to act before 
one knows exactly. This difference between knowledge and action is impor¬ 
tant. As scientists, we should not act before we know at least something. 
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2. SOME BASIC LIMITATIONS IN EPIDEMIOLOGY. 

In epidemiology we are concerned with complicated questions. As in 
other sciences, there are serious limitations. 

A first limitation is that adequate studies are usually not available. In 
most cases one ends up with very limited data with respect to the hypothesis 
in question. Epidemiologic studies, if properly conducted, take a long time. 
So data are missing and adequate evidence is not available. 

Often the validity of the exposure and of the endpoint measures is low. 
Proxy variables are used, which might not correlate well with what we intend 
to measure. 

Adequate studies need huge numbers and consequently are very cost¬ 
ly. There are many important questions and only a very small part of them 
can be investigated. Epidemiologic research has to be centered on a few 
questions. In our time, the important questions are questions of low risk as¬ 
sociations. The high risks -smoking, infections and so on- have been studied 
and can be studied easily when new problems arise. When the effect is small 
in comparison to chance, bias and confounding, we are in trouble. 

In addition, there are conflicting group interests in all societies. Conse¬ 
quently, studies can be financed or not, can be interpreted in different ways 
and can be brought to the attention of the public and the legislative bodies 
or not. Scientists in epidemiology must stay independent, for instance from 
industry and from public pressure groups, sometimes even from governmen¬ 
tal agencies. As scientists we have to rely on clear facts and not on opinion. 

As in other sciences there are thresholds for human perception and 
knowledge in epidemiology. There are mainly two reasons for such 
thresholds: in order to recognize a small risk, one needs huge numbers. Ran¬ 
dom noise creeps in. We simply cannot observe one million people over 20 
years without dropouts, losses and missing data. So the results are not 
reproducible. On the other hand we have to live in case-control studies with 
bias and confounding. Therefore, relative risks smaller than 2 are generally 
difficult to reproduce. They are then beyond the threshold of human percep¬ 
tion and knowledge. Incidences smaller than 10’ 5 to 10" 6 can usually not be 
reproduced in cohort studies. They are then beyond the threshold of humani 
perception and knowledge. 

There are also thresholds for human perception in toxicology. Inferring 
from animal to man is such a threshold. In toxicology we have the paradigm 
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of a missing threshold for carcinogenic substances. However, this paradigm 
is disputed more and more. A single molecule does not always meet its recep¬ 
tor and a single radiation quant does not always hit a target. So there must 
be cases in which there is an individual threshold. Furthermore there are 
repair mechanisms at nearly every level of carcinogenesis. For promotOrs 
the paradigm of a missing threshold has already been modified. In my opinion, 
the concept of a missing threshold for initiators will also disappear and will 
be replaced by more sophisticated models. 


3. PASSIVE SMOKING AND LUNG CANCER: 

A SHORT CASE STUDY 

There is no doubt that active smoking can cause lung cancer. Mainstream 
smoke contains a variety of carcinogens. A very high percentage, 90-95%, of 
lung cancer cases are smokers. A wealth of epidemiologic evidence shows a 
high risk increase with active smoking. There is hardly another single be¬ 
havior which could be changed -like stopping smoking- which would have a 
comparable beneficial effect on the health and life expectancy of exposed 
populations. Stopping alcohol consumption could produce a beneficial: ef¬ 
fect of the same size order. Therefore, it is reasonable to try to reduce the 
exposure to carcinogens by active smoking, as it t reasonable to try to reduce 
the exposure to alcohol. 

Lung cancer rates have been increasing in most countries since the begin¬ 
ning of the century when lung cancer was a very rare disease. The rates are 
much lower among women. During the last decades lung cancer has also in¬ 
creased among women. The most important risk factor for lung cancer is ac¬ 
tive smoking. Other risk factors are asbestos, radon, tuberculosis or genetic 
factors, but they are less important. DOLL and PETO estimate that about 
90% of the lung cancer cases in men can be attributed to active smoking. 
Lung cancer leads to death in a very short time. One year after diagnosis only 
about 33 % still live, after five years only 10%. When lung cancer is diag- 
nosed, the fatal destiny goes on. 

There is very little known about the exposure of non-smokers to ETS. 
We looked at it in a representative sample in 1983 in Germany (7). Non¬ 
smoking men are exposed 1.20 hours a day in the working place, non-smok¬ 
ing women 0.40 hours. Considering only working non-smokers, men are 
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exposed 2.00 hours a day, women 1 hour per day, that is 8.3 and 4.3 percent 
of the total time. One has to consider that only 42% of the population are 
never-smokers in our country and that the real values are lower due to the 
method of data collection. 

The question is whether passive smoking causes lung cancer. There are 
gther _ unhe^thv_ effec t? ^ oLp assive smoking, like cardiovascular effects, 
bronchopulmonary effects in children and effects on the unborn child during 
pregnanoff I restrict myself to the case of passive smoking and lung cancer. 

The National Research Council (9) and the Surgeon General of the United 
States (10) have stated that there is or there might be a causal relationship. 

Also, the German Research Foundation followed this path, which is mainly 
based on reasoning by analogy. 

The best available study is the study of HIRAYAMA (2,3,4). I will try & 

to show how weak the evidence from this study is. The original data are given 
in Table 1. 

TABLE 1: SMOKING HABIT OF HUSBAND BY AGE OF WIFE. 

ORIGINAL DATA. 


WIVES 

NON 

HUSBAND'S SMOKING HABITS 

1-19 20 + 

TOTAL 

40-49 

4 

7918 

21 17492 

21 12615 

46 38025 

50-59 

14 

7635 

46 15640 

31 8814 

91 32089 

60-69 

16 

6172 

31 10381 

10 3793 

57 20344 

70 + 

3 

172 

1 671 

* 2 292 

6 1082 

TOTAL 

37 

21895 

99 44184 

64 25.461 

200 91540 
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Married non-smoking women aged 40 and above -91,540 from a cohort 
of 265,118 adults in Japan- were asked whether they were smokers, and their 
husbands were also asked about their smoking habits. The women were fol¬ 
lowed for 15 years and their death certificates were collected. 200 women 
died of lung cancer. The table shows the numbers in the age groups accord¬ 
ing to the smoking habits of the husband. There are only six lung cancer cases 
in the highest age group, in which the majority of lung cancer cases occur in 
the population. From these numbers relative risks were calculated. The point 
estimate of the risk ratio in the group of the women married to men smok¬ 
ing more than twenty cigarettes per day was 1.56 to 1.79, depending on the 
way of standardization. There was a dose-response relationship which was 
also significant. 

Why is this particular study not conclusive? 

The study was not designed to test this hypothesis, but to screen for a 
wide variety of possible risk factors. It therefore cannot prove the hypothesis. 
The cohort was not representative of the population. There was an age selec¬ 
tion bias. The indicator by which the exposure was measured -being married 
to a man who smokes- was neither reliable nor valid, nor specific. Also the 
endpoint was not assessed with validity. We know from experience that lung 
cancer diagnosis on the death certificate might be erroneous. Confounding 
factors were not adequately considered, for instance working place, air pol¬ 
lution or medical care. Bias in registering the fact that a woman was a non- 
smoker was neither controlled nor excluded. Differential misclassification is 
likely, since in 1965 smoking women were very rare in Japan. Almost noth¬ 
ing is known on the 200 cases. Case reports are missing; autopsy and histo¬ 
logy are available in only 11.5%. 

Each of these arguments alone could invalidate the results. 
H1RAYAMA at a recent conference refused to give his material to other re¬ 
searchers for a re-analysis. The core of evidence in the HIRAYAMA study 
is that during 1965, 200 women in Japan told an interviewer on a single oc¬ 
casion that they were non-smokers, and their husbands said that they were 
smokers -which could have been different before and thereafter- and their 
death certificates subsequently contained the -perhaps erroneous- diagnosis 
of lung cancer. This information is not a convincing scientific data base. I 
published these and other arguments in 1987 (11). 
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TABLE 2: DIFERENCES IN AGE DISTRIBUTION 


AGE 

PERCENT 

FEMALE 

POPULATION 

PERCENT 

HIRAYAMA 

COHORT 

40-49 

42 

42 

50-59 

32 

35 

60-69 

20 

22 

70 + 

6 * 

1 


100 

100 


* In the female population 1965 in Japan over 40 there are 12 percent over 70 years old. We 
assumed here half ot them were still married with a living husband. 


Recently we re-analysed the HIRAYAMA data (1) as far as they were 
published. Table 2 shows the differences in the age distribution between the 
female population in Japan in 1965 and the HIRAYAMA cohort. Only 1% 
in the cohort are older than 70 years in comparison to 12% in the popula¬ 
tion. We reduced this 12% to half -6%- assuming half the women were still 
married to a living man. It is obvious that there is a strong selection bias by 
age. When one removes this selection bias -I cannot go into details of cal¬ 
culation here- the relative risks become smaller and are no longer significant. 

The first line of Table 3 shows the relative risk as calculated by 
HIRAYAMA, standardized by age of women only. In the 20+ group it is 
1.56 and just significant at the one-tailed 5% level. Correcting for age selec¬ 
tion bias the relative risks are much smaller and no longer significant. Con¬ 
sidering subgroups -for instance women married to farmers and industry 
workers- only in the group of industry workers a high relative risk is present 
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TABLE 3: RELATIVE RISK IN THE HIRAYAMA STUDY 


HUSBANDS SMOKING HABITS 


NON 

1-19 

20 ♦ 

RR HIRAYAMA* 

1.00 

1.37 

1.56 

IL 90 


1.00 

1.11 

RR CORRECTED** 

1.00 

1.03 

1.29 

,L 90 


.77 

.94 


Standardized by age of women only 
** Age selection bias removed, standardized by age of women 
The corrected rel&tive risks are small and no longer significant 


after removing the age selection bias. This can be explained by the fact that 
women married to industry workers might be exposed also to other risks. If 
one leaves the women married to'industry workers out, the relative risk is 
no longer different from unity. It also decreases considerably by assuming 
moderate numbers being differentially misclassified. I think this shows that 
the relative risk of non-smoking women married to men who smoke is not 
significantly different from unity, provided one considers age selection bias 
and misclassification. We have published this (IX but other epidemiologists 
do not share our view. 

Another large prospective study from GARFIMKEL in the US could 
not show a risk increase. I carefully evaluated the available studies last year 
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and published the evidence with a critical view (11). I cannot describe the 
10 case-control studies here in detail. They all have much weaker evidence 
compared to the HIRAYAMA study. 

Nowadays, so-called meta-analysis are used to summarize the evidence 
from various studies in a formal way. This is useful when studies are similar, 
especially with controlled clinical trials. However, false plus false does not 
equal right. Meta-analysis are only valid when the studies included have some 
minimal quality. The discussion on meta-analysis in this field was started by 
a paper by WALD et al. (12) two years ago, in which 12 studies are sum¬ 
marized to a significant relative risk of 135. The report of the National 
Research Council and of the Surgeon General in the US followed this pub¬ 
lication, the authors being partly the same. Also, the German Research Foun¬ 
dation could not refrain from adding incomparable studies to a single point 
estimate of risk. 

We did our own meta-analysis of the same studies (8). As you can see 
from Table 4 we grouped the studies according to quality - whether histol¬ 
ogy was present; whether the exposure measure was somehow critically 
judged - and we gave a grade from 2 - 6 for overall methodological quality 
to every study. The study of TRICHOPOULOS got a grade 6 -the worst 
rating-, the study of GARFINKEL a 2 -our best rating. In the last column 
we decided for case control studies, whether a single study was of quality* 
or of quality- according to these criteria. 

In table 5 you see some of our results. The HIRAYAMA study was in¬ 
cluded with the relative risk corrected for age selection bias. We included 
women only, since men inflate only the denominator. We also left out the 
previous smokers in the studies of TRICHOPOULOS and KOO. All result¬ 
ing relative risks are not different from unity, with the exception when one 
considers only the 4 case control studies of lower quality. Considering all 12 « . 
studies, the relative risk is 1.12. Leaving TRICHOPOULOS out gives 1.08.^ 
This study is a textbook example of how a case-control study should not be 
conducted and analysed. Introducing some cautious assumptions on misclas-CO 
sification, the numbers are still smaller. Also LEE (6) has remarked in hisCA 
papers that at least part of the evidence can easily be explained by differen-£j 
tial misclassification. One can look at the possible meta-analysis in a dif-Qj 
ferent way. With 10 case-control studies there are 1023 possible combinationsC0 
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TABLE 4: QUALITY RATING OF STUDIES SELECTED 
FOR META-ANALYSIS 


Author Histology Exposure Quality Resulting 

Rating* Group 


HIRAYAMA 

GARFINKEL 

CHAN et al. 

CORREA etal. 
TRICHOPOULOSet al. 
BUFFLER et all 
KABAT et al. 
GARFINKEL etal. 
AKIBAet al. 

LEE etal. 

KOO et al. 
PERSHAGENet al. 


3 Cohort 

2 Cohort 

4 CC Quality + 

5 CC Quality — 

6 CC Quality — 

4 CC Quality ♦ 

4 CC Quality ♦ 

4 CC Quality + 

5 CC Quality— 

5 CC Quality — 

4 CC Quality + 

4 CC Quality * 


* 2 « acceptable, 3 « possibly flawed, 4 - bias and confounding suspected, 5 • major bias and 
confounding suspected, 6 ■ unacceptable. 

The included studies are the same as in the paper by WALD et al. (1986) and by LETZEL and 
UBERLA (1988). We included women only. 


for meta-analysis. Only 24 of them -2.3%- are technically significant. They 
are dominated by three studies of low quality, mainly by the 
TRICHOPOULOS study. All this shows that meta-analysis are very sensi¬ 
tive to the included data, that such sensitivity analysis give some insight into ^ 
the combination of studies and that they presently do not contribute to our 
overall evidence regarding passive smoking and lung cancer. 

Whether passive smoking causes lung cancer is an open question today. 

It is therefore not scientifically sound to calculate the attributable risk, i.e. 
the possible number of deaths attributed to passive smoking per year. All 
serious scientists refrain from such calculations. Of course, it cannot be ex- 
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TABLE 5: SUMMARY OF META - ANALYSIS 


HIRAYAMA STUDY CORRECTED FOR AGE SELECTION BIAS 
CAUTIOUS ASSUMPTIONS FOR MISCLASSIFICATION 


ORIGINAL 

DATA 

MISCLASSIFICATION 

ASSUMPTIONS 


RR 

RR 

ALL 12 STUDIES 

1.12 

1.04 

It STUDIES (WITHOUT 
• TRICHOPOULOS) 

1.08 

.99 

2 COHORT STUDIES AND 

6 CASE CONTROL STUDIES 
QUALITY + 

1.04 

.97 

6 CASE CONTROL STUDIES 
QUALITY + 

1.07 

.90 

4 CASE CONTROL STUDIES 
QUALITY 

1.67 

1.43 


AH relative risks are not significant with the exception of meta-analysis for 4 case control stu¬ 
dies of quality — 


eluded that there is a causal relationship. If there is an effect, it is likely to 
be very small compared to other risks. 

The majority of criteria for a causal connection are not fullfilledi There 
is no consistency, there is a weak association, there is no specificity, the dose- 
effect relation can be viewed controversially, bias and confounding are not 
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adequately excluded, there is no intervention study, significance is only 
present under special conditions and the biologic plausibility can be judged 
controversially. 

There is room for honest differences in opinion. The jury is still out. All 
epidemiologic evidence can be explained by bias, confounding, misclassifica- 
tion and chance, nearly in the same way as by accepting the alternative 
hypothesis. Overall, according to the levels of the IARC, there is only inade¬ 
quate evidence. 

Whether passive smoking causes lung cancer is a serious hypothesis. 
The majority of publications in the field is a little in favor of this hypothesis. 
However, as I have said, I personally prefer to stay with the null hypothesis 
for the time being, following my careful analysis of the available evidence. 

What can we learn from such a case study in low risk association? 
Toxicological studies alone cannot provide evidence on the size of a risk to 
man from indoor air pollution. There is not a single animal study with ETS 
which succeeded in producing lung cancer. Epidemiologic studies are the 
way to ascertain whether there is a risk in man, and what the size of the risk 
is. There are thresholds for human perception and knowledge in epidemio¬ 
logy: relative risks smaller than 2 and incidences smaller than 10' 5 to 10' 6 
are such thresholds. The concept of a missing threshold for carcinogens 
should be replaced by more sophisticated models, when one tries to assess 
the cancer risk of indoor air quality. 
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Passive Smoking and Lung Cancer: 
A Reanalysis of Hirayama’s Data 

K. Oberla and W. Ahlbom 


The statistical association between environmental tobacco smoke and lung cancer is 

controversial. The Hirayama Study seems to provide sound epidemiological evidence 

supporting this hypothesis. In a recent paper [6] I have analyzed the published studies. 

Regarding the Hirayama study the following facts have to be kept in mind: 

- The study was not designed to test the hypothesis, whether passive smoking is 
associated with lung cancer or not. It can therefore only generate this hypothesis, not 
prove it. 

- The cohort was not representative for the population of Japan. A selection bias is 
possible. 

- The exposure indicator - the fact of being married to a man who smokes - is not 
reliable, not valid and not specific. 

- The event indicator - dying on lung cancer as noted on death certificates - is neither 
reliable nor valid. 

- Various confounding factors - for instance exposure at the working place, indoor air 
pollution, overall air pollution, type of medical care - were not accounted for. 

- Bias in registering the fact, that a woman is a nonsmoker, was not controlled. 
Resulting differential m iscl ass ifi cat ions of the cases, who were smokers and had to be 
excluded, have not been considered. 

- Almost nothing is known about the 200 cases. No case reports are available, autopsy 
and histology are available in only 11.5%. 

The core of the information, on which the results of this study rely, is 

1) that during 1965 200 women in Japan told an interviewer on a single occasion that 
they were - during that time - nonsmokers and their husbands told that they were 
smokers, which might have been different before and afterwards and 

2) that their death certificates subsequently contained the diagnosis lung cancer, which 
might have been erroneous. 

Such sparse information does not seem to be convincing. 

In our paper we consider three questions: 

1) What is the relative risk when one removes the selection bias regarding age of women 
in the Hirayama cohort? 

2) What is the relative risk for women married to men with different occupations, when 
one removes the selection bias regarding age of men? 

3) What is the relative risk when additionally some differential misclassification is 
assumed? 
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M»tcrial and Methods 

We start from Tables 1, 2, and 3 of Hirayama 1984 [4]. These tables contain the most 
detailed published data. In order to check our program, we reproduced some of the 
reported relative risk estimates with good accuracy. 

There are marked differences between the Hirayama cohort and the female age 
distribution over 40 in the population of Japan 1965. Women 50-59 are overrepresented, 
women older than 70 are severely underrepresented. In this age group only a single case 
from 12 was observed. The investigated cohort certainly has a severe selection bias by 
age, which needs no statistical test. This is likely due to the fact, that the smoking 
behaviour was not known in the elderly or that the husbands of older women have died. 
Since it takes 20 yean and more from exposure to lung cancer, older women surely are 
relevant and should not be excluded. The majority of lung cancer cases occur in older age 
groups, in Germany more than 67% in women over 65 years. 

In order to answer the question what the relative risk is when the age selection bias is 
removed, we adjusted the data to the age distribution of the female population of Japan. 


Tabic 1. Differences between Hirayama cohort and the female age distribution over 40 in the 
population of Japan 1965* 


Age group 

Percent female 


Japan population 

Hirayama cohort 

40-49 

39 

42 

50-59 

30 

35 t 

60-69 

19 

22 

70 + 

12 

/ 1 


100 

100 


* Population Census 1965. Statistical survey of economy of Japan; 1967. Ministry of Foreign 
Affairs of Japan. 


Table 2. Smoking habit of husband by age of wife.* Original data 


Wives age Husbands smoking habit 



Non 


1-19 


20 + 


Total 


40-49 

4 

7,918 

21 

17,492 

21 

12,615 

46 

38,025 

50-59 

14 

7,635 

46 

15,640 

31 

8,814 

91 

32,089 

60-69 

16 

6.170 

31 

10,381 

10 

3,793 

57 

20,344 

70 + 

3 

172 

1 

671 

2 

239 

6 

1,082 

Total 

37 

21,895 

99 

44,184 

64 

25,461 

200 

91,540 


* Table 2 of Hirayama 1984. 
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Table 3. Smoking habit of husband by age of wife*. Removed selection bias: Data adjusted to the 
age distribution of women in the population 


Wives age Husbands smoking habit 


Non 1-19 20 + Total 


40-49 

50-59 

60-69 

70 + 

3.91 

12.49 

14.25 

32.02 

7.748.8 
6,813.7 
5,496.6 

1.835.9 

19.12 

38.20 

25.70 

9.93 

15,927.8 

12,987.1 

8,604.9 

6,664.2 

20.02 

26.95 

8.68 

20.79 

12,024.0 
7,661.2 
3,29 LI 
2,484.7 

43.05 

77,64 

48.63 

62.74 

35.700.6 
27,462.0 

17.392.6 
10,984.8 

Total 

62.67 

21,895 

92.95 

44,184 

76.44 

25,461 

232.06 

91.540 


• Table 2 of Hirayama 1984. 


The technique of iterative proportional fitting of a contingency table to given marginals 
as described by Bishop et al. [1] or by Hartung et at. [3] was used. This technique keeps 
the risks constant as observed in every cell and changes the marginals and the cell counts 
according to the given age distribution of the population. Iterative proportional fitting of 
contingency tables to given marginals is a well known technique in multivariate statistics 
and can be applied here without changing the observed interrelations between smoking 
habit, occupation, and lung cancer. From the fitted or adjusted tables the risk ratios are 
calculated in the usual way. Such risk ratios based on data with removed age selection 
bias are the correct ones and should be used. 

One has to require that there should be no selection bias by age and the cases should be 
included as they would have occured in the population. Otherwise statistical tests and p>- 
values are not very meaningful. 

Table 2 shows the original data by age of wife. The cells contain the number of lung 
cancer cases and those under risk as published by Hirayama. The 1-19 group includes ex¬ 
smokers in this and the following tables. 200 cases out of 91,540 women were observed. 
Iterative proportional fitting to the female age distribution of the population leaves the 
hatched numbers constant. The others are adjusted using a right hand marginal which is 
made proportional to the age distribution of the population. 


Results 

Table 3 gives the results of iterative proportional fitting to the female age distribution of 
the population. It contains the numbers of those under risk and of lung cancer deaths as 
they would have been observed, if Hirayama had not excluded or preferred certain age 
groups. The age selection bias is removed. The risks in the individual cells are still the 
same as those observed by Hirayama. Also the structure of the common distribution 
regarding age, smoking habit and lung cancer is unchanged. Hirayama would have 
totally observed 232 cases instead of 200, with the corresponding numbers in the 
individual cells, had he included all women as they live in the population. This table is the 
best available starting point for age-standardized risk ratio calculations. It was not used 
so far. 
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Table 4. Relative risk by age of women* 



Husbands smoking habit 


Non 

1-19 

20 + 

(TR 

1.00 

1.37 

1.56 

IUo 


1.00 

l.ii 

MH:CH1 


1.51 

2.27 

Pone tailed 


0.065 

0 . 012 ** 

RR 

1.00 

0.77 

1.06 

IUo 


0.59 

0.80 

MH-CHI 


2.19 

0.27 

Pone tailed 


0.014*** 

0.395 


Upper part: standardized by age of women only. 

Lower part: age selection bias removed and standardized by age of women, 
to: Weighted point estimate of rate ratio. 

IL^,: Lower 90-percent confidence interval. 

* Calculated from Table 2 of Hirayama 1984. 

** "Significant" in positive direction. 

**♦ "Significant" in negative direction. * 


In the upper part of Table 4 you find the risk ratios standardized by age only, as done 
by Hirayama. The lower part are the risk ratios after removing the age selection bias. In 
the upper part the weighted point estimate of the rate ratio is 1.56 in the 20+-groupand is 
technically "significant’’. IL* designates the lower point of the 90-percent confidence 
interval in this and the following tables, as it was used by Hirayama. 

This risk increase disappears completely when one removes the selection bias by age. 
In the 20-Kgroup the rate ratio is 1.06, hardly a relevant risk increase. In the group of 1- 
19 cigarettes per day it is 0.77 which is a technically significant risk decrease. The adjusted 
rate ratio, considering all those exposed in one group versus those not exposed is 0.901 
with a confidence interval including unity. If Hirayama had observed the cases as they 
occur in the female population without selection bias by age, he would have observed no 
risk increase, but a risk decrease. This is the main result of our reanalysis, which 
corresponds well with the result of the prospective American cohort study as published 
by Garflnkel \ 2 ). 

We now consider two occupations, farmers and industry workers. From the upper 
part of Table 5 one can see that the relative risk for wives of farmers seems substantial, 
when one standardizes by age of men only. The point estimates of the rate ratios are 1.48 
and 1.63 respectively. This was observed earlier and had no adequate explanation. If one 
removes the selection bias by age and adjusts to the male age distribution of Japan - the 
numbers in the lower part of Table 5 - the rate ratios are 0.85 and 0.82, not different from 
unity. This seems more plausible. 

Considering the wives of industry workers only, in the upper part of Table 6, the point 
estimates of the rate ratios are 1.77 and 2.27, standardized by age of men, being not 
significant. Removing the age selection bias - in the lower part of Table 6 r there is a 
remarkable risk increase to 4.60 and 6.90, which is significant. However, there are only 


Table 5. Relative risk: wives of farmers only* 



Husbands smoking habit 



Non 

1-19 

20 + 

to 

1.00 

1.48 

1.63 

IUo 


0.97 

1.01 

MH-CHI 


1.48 

1.92 

Pone tailed 


0.069 

0.027 

to 

1.00 

0.85 

0.82 

IUo 


0.59 

0.53 

MH-CHI 


0.42 

0.53 

Pont tatted 


0.337 

0.296 

Upper part: standardized by age of men only. 



Lower part: age selection bias removed and standardized by age of men. 
to: Weighted point estimate of rate ratio. 

IL 90 : Lower 90-percent confidence interval. 

* Calculated From Table 3 of Hirayama 1984. 



Table 6. Relative risk: wives of industry workers only* 


Husbands smoking habit 



Non 

1-19 

20 + 


to 

1.00 

1.77 

2.27 


IUo 


0.70 

0.84 


MH-CHI 


0.73 

0 . 8 ! 


Pont tailed 


0.232 

0.208 


to 

1.00 

4.60 

6 . 90 


IUo 


1,71 

2.45 


MH-CHI 


2.50 

2.78 


Pone tailed 


0.006 

0.003 



Upper part: standardized by age of men only. 

Lower part: age selection bias removed and standardized by age of men. 
ITR: Weighted point estimate of rate ratio. 

IL*): Lower 90-percent confidence interval. 

* Calculated from Table 3 of Hirayama 1984. 


9 lung cancer deaths in the 20+rgroup and only 3 in women 70 years and older, which are 
small numbers, but these are numbers observed and used by HirByama and his risk 
structure is unchanged. Thus only in the subgroup of women married to industry workers 
there is a risk increase, in all other occupations there is no risk increase. Omitting industry 
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T»bl* 7. Relative risk: assumed differentia! m^classifications* Table 8. Reanalysis of Hirayama’s data: summary of relative risk 


Number of cases assumed 
misclassified and removed 
from exposed groups 

Husbands smoking habit 




Husbands smoking habit 

Non 

1-19 

20 + 

Non 

1-19 

20 + 

& 

& 

II 

O 

II 

e 

1.00 

0.74 

LOO 

Age selection bias removed 

RR 

1.00 

0.77 

1.06 

font uikd 


0.006 

0.469 

and age-standardized (women) 

P«w uikd 


0.014 

0.395 

n = 20 — 10% RR 

1.00 

0.70 

0.93 

Without industry workers, age 

RR 

1.00 

0.90 

0.89 

font Uikd 


0.003 

0.383 

selection bias removed and 

Pom uikd 


0.394 

0.179 

n = 30 = 15% RR 

1.00 

0.66 

0.85 

age-standardized (men) 





Pone Uikd 


0.001 

0.238 

10 cases assumed misclassified, 

RR 

1.00 

0. 74 

1.00 





age selection bias removed 

Pone uikd 


0.006 

0.469 

Age selection bias removed and standardized by age of women. 


and age-standardized (women) 





kR: Weighted point estimate of rate ratio. 




- —-——- - --- 

— 

— 



* Calculated from Table 2 of Hirayama 

1984. 



RR: Weighted point estimate of rate ratio. 





workers, the point estimates of the rate ratios are 0.90 and 0.89, not significantly different 
from unity. These findings are consistent with the assumption of confounding factors in 
women married to industry workers, who might be exposed to other environmental 
hazards. Our calculations show that by removing selection bias by age, one can explain 
hitherto implausible results. 

Active smoking is correlated among married couples. In a society in which female 
smokers were very rare in 1965, more women married to smokers will declare themselves 
nonsmokers than the other way round. One has therefore to consider! biased or 
differential misclassification. There are likely more women with lung cancer, who have 
been misclassificd as nonsmokers and have to be removed from the cohort, than the other 
way round. 

We made some moderate assumptions regarding differential misclassification, as 
shown in Table 7. In order to examine how sensitive the relative risk is we removed 10,20, 
and 30 cases from the exposed groups - corresponding to 5, 10, and 15 percent. 

Assuming 30 misclassified cases - 15 percent, a percentage which has been observed in 
the literature (5] - the rate ratios are 0.66 and 0.85. In the group I-19 cigarettes per day all 
the risk estimators are significantly smaller than unity. Our personal opinion is that 10 
differential misclassified cases from 200, who have to be omitted, are a fair number. The 
corresponding weighted point estimates of the rate ratio are 0.74 and 1.00. These risk 
estimates are as reasonable as other risk estimates calculated from the Hirayama data. 
They indicate - if anything - a risk decrease, not a risk increase. 


Discussion 

Reanalyses of data, which have been collected by others are not easy. This is because 
information is not completely available, because information might be misinterpreted or 
because one has to take another view in order to come closer to the acceptable truth. Our 
calculations do not diminish the great value and impact the Hirayama study had on the 
epidemiology of passive smoking. They show however, that reasonable alternative views 


on the same data are possible, which lead to opposite conclusions. Our findings are in 
contrast to Hirayama’s thesis that - based on his data - there is a substantial statistical 
association between passive smoking and lung cancer. 

As long as there is no other independent and sound epidemiological evidence, it 
should be left to the individual scientist which analysis of the same data he thinks is more 
appropriate. We do not hold that our view is the only correct one. We do hold however, 
that the risk ratios calculated by us, removing age selection bias, are as valid as other risk 
estimates. To our opinion they are more appropriate, since they go back to the 
population and not to a selected sample. Even when one would take another marginal, 
for instance the age distribution of wives still married to living men - which was not 
available - the effect would be considerable. Our risk estimates are a consequence of the 
data published by Hirayama and cannot be rejected from the study data, as they are 
published so far. 

To summarize (Table 8): Removing the age selection bias in the Hirayama study one 
gets a relative risk of 1.06 in the group of women married to men with more than 20 
cigarettes per day. In the group of women married to men with 1-19 cigarettes per day the 
relative risk is 0.77, a technically "significant" risk decrease. If Hirayama could have 
observed the lung cancer cases as they occur in the female population, he would have 
observed no risk increase, but a risk decrease to around 0.90, considering those exposed 
versus those not exposed. This fact deserves attention. 

If one omits the wives married to industry workers because of possible confounding 
factors in this group, the relative risk is 0.90 and 0.89 respectively. This is of the same size 
order and smaller than unity. Here we could adjust and standardize by occupation and 
age of men only, which is not as appropriate as by the age of women. 

If one assumes that 10 cases are differentially misclassified and removes them from the 
exposed groups, the risk estimates are 0.74 and 1.00, respectively. Our findings 
demonstrate how sensitive the data of this study are and how weak the evidence for a 
statistical association between passive smoking and lung cancer might be. In view of these 
and other facts some of which we mentioned in the introduction, the null hypothesis 
might be true as well and seems to be consistent with the Hirayama data in the same way 
as the alternative hypothesis. 
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We would be glad to apply our technique to more detailed data if we can get them 
from Hirayama, for instance in order to adjust by occupation of men and age of women, 
or by occupation of men and by age of women married to a husband who is still alive. We 
are ready to modify our view if such data can support the alternative hypothesis better 
than the published data. We do hope, that our calculations give rise to a fruitful 
discussion. The methods we used here might be of interest to the analysis of other cohort 
and case control studies. 
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What Is the Epidemiologic Evidence for a Passive Smoking 
Lung Cancer Association? 

N. Mantel 


Summary 

Two survey articles of reports on the association of passive smoking with lung cancer 
have recently appeared, and also a comprehensive report on the subject of environmen¬ 
tal tobacco smoke by a committee of the National Research Council of the United 
States. The observed excess over a relative risk of unity cannot be explained by chance. 
Nor can it be fully accounted for by a particular source of bias, the false claims of being 
non-smokers by individuals who were active or ex-smokers. That possible source of 
bias leads, in one summary survey, to reducing a relative risk of 1.35 to 1.30, but from 
1.34 to 1.15 in the National Research Council report. The latter report suggests that 
statistical significance would no longer obtain, perhaps, particularly, because of other 
possible biases. However, to get an estimate of the correct relative risk due to passive 
smoking, allowance has to be made for actual exposure to passive smoking of those not 
exposed at home. Thus, the 1.30 is adjusted upwards, by 18 in one survey, to 1.53, but 
by only 8% in the National Research Council report to 1.24. The National Research 
Council report had given an anticipated relative risk of 1.1 based on dosimetric 
considerations. But it is suggested here that that could be as low as 1.05, too low to be 
detected in an epidemiologic investigation - in any case it would be based on 
hypothetical assumptions. 

In November of 1986 there were two near-simultaneous review articles addressing the 
subject of passive smoking and lung cancer. One was an invited guest editorial by Blot 
and Fraumeni in the Journal of the National Cancer Institute, the other a contemporary 
theme discussion by Wald et al. in the British Medical Journal [1, 2]. 

There was substantial overlapping in the two articles of the various publications on 
the subject, and on the basis of which the conclusion of a significant positive association 
was made. The article by Wald et al. gave, perhaps, more statistical detail about the 
results of the several studies covered. But, to my mind, there was uncritical acceptance of 
the results of all the studies. Blot and Fraumeni did suggest that there were some flaws in 
a particular study, that by Hirayama [3), but decided that any inherent biases in that 
investigation could not have given rise to the observed elevated risk. 

From their overall evaluation of 10 case-control studies (all 10 gave results for 
females, five separately for males as well) and three prospective studies (two of these 
covered males separately), which provided 20 separate relative risk (actually odds ratio) 
values, Wald et ai. came up with a summary relative risk of lung cancer due to passive 
smoking of 1.35 (95% limits 1.19 to 1.54). They trim this down to 1.30 on the basis that 
some of the presumed non-smokers exposed to passive smoking were actually smokers. 
Then, on the added basis that even those unexposed to passive smoking at home may still 
have been exposed when away from home, they raise their estimate of relative risk to 1.53. 
But note that this last modification presupposes the answer, that passive smoking does 
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Anvwit,l«’ih»vi * look at writ of the rummary 
diu given Collectively. for wive* of non-imokm 
we have 32 Jung cmaccrs among 21 095 women 
nnui M/44 JM for a-tmoim or light !Do4m 
vrrsu* 54 25 441 for hexvy imokm. That would 
yield s unfit df /* by tbe method Dr Hiraytmi 
apparently used of 3 31, or a / value of 1-02, not 
ngnjficxm, two tailed, at the 5% level. Dr Kira* 
rama. however, report* a y value of 3 > 0 , with a 
rwo-tailed probabihry level beyond 0 1 %. The 
qururon then is whether he ha* conducted a more 
reined anaiyaa, about which he tt giving us no 
due*, or he ha* mistakenly interpreted hi* y* value 
as a / value. 

As an example of a particularly sinking allo¬ 
cation, Dr Hirayxma concentrate* on the result* 
for Don-smofcjng wives of agricultural workers aged 
40-59. The corresponding data for this group arc 
3.5 999 versus 20/12 753 versus Ifi.T 150, which 
would yield a y : of 4 45, a / value of 2 54. Dr 
Hirsyima reports a surprisingly dose y value of 
2 - 60 , with an associated ugmfiance level of 044 %. 
As an extreme outcome of several possible analyses 
available to him this is oot really all that significant. 
But if the difference between 2 54 and 2*60 
reflect! only rounding errors in calculations rather 
than distinctly different analyses, this would make 
it more likely that Dr Hors yams’i 3 30 value is a 
7 * nthci than a /, which, as such, docs not have the 
extreme stsnsneal significance which he baa 
attached to it. 

Much more cartful analysis of the dau 
would be needed before it can be claimed that 
a passive effect of smoking has been dearly 
established. 

Nathan Mantel 

Department of Statistics, 

IfaMUUitin Center, 

Groric VasAmron University. 

Bethesaa, .StarvUnd 20014, 

USA 


To Dr TaJtuki Hirayama 

In a recent press release the Tobacco 
Institute m the United States challenged the 
statistical validity of your finding that non- 
imokmg wives of heavy smokers have a higher 
nsk of lung cancer. The central point raised by 
the Tobacco Institute was that you erred 
fatally in your calculation of a critical test 
stansoc and therefore that your daim of a high 
level of statistical significance is wrong. The 
Tobacco Institute’s assertions relied heavily on 
a speculation contained in a memorandum on 
your study by Dr Nathan Mantel. The 
purpose of this letter is to inform you of the 
details of Dr Mantel’s analysis, and in par¬ 
ticular the origin of the alleged arithmetical 
error. Your mules, at least those published, do 
indeed display a high level of statistical signifi¬ 
cance. If there is an error of inference in your 
study, it is far less superfidal than the alleged 
arithmetical mistake publicised by the To¬ 
bacco Institute. 

The essential dies are given in the attached table, 
which we denved from table* l and II of your 
paper in the BMJ (17 January, p 103); The popu¬ 
lation of non-smoking wive* at the beginning of the 
prospective study and the number of lung cancer 
death* during 14 year* of observation are broken 
do«nn according to the age, occupation, and smoking 
habit* of their husband*. Also provided art the 
corresponding 14-year lung cancer death rates for 
each cell. At the bottom of the table the data for all 
age and occupational categories of husband* are 
combined^ 

In his memorandum to the Tobacco losurute, 
Dr Mantel i calculated a /* test statistic with one 
degree of freedom from the combined data, and 
obtained the result y*- 3*3), which would yield a 
two-sided p • 0-07. In performing thi* test be used 
the scoring 0 . 1 . 2 for the three imokmg categories. 
Thu value of y* looked suspiciously close to the 
value of ■/* 3 299 reported on page 1 S3 of your 
paper. On this basis. Dr Mantel sperulated that 


you may have failed to take a simple square root m 
your al dilation. 

Ifi however, a 7 * tot statistic with 00 c degTrc of 
freedom is caJdilated from the d lagyrtfoted data 
in the table, then the result is 7*-8 09, which 
yield* a highly significant rwo-uded p-0 004. In 
making this calculation we used formula* (2V 
through U) on page 494 of Dr Mantel’s original 
paper , 1 which shows bow to combine y* rtantna 
from the four independent contingency table* The 
reason for the increase 10 statistical significance 11 
that the dose-response relation b crwem the 
husband’s smoking habit and the non-crooking 
wife'* lung cancer rate, which is apparent from the 
combined data, becomes even more prominent 
when the data are broken down by age and 
occupational categories of'the husband. That is 
eaaetly what Dr Mantel’s extension 7 * vu designed 
to test. 

We reach the same conclusion of a high level of 
ttstsmeal significance when the disaggregated dau 
are fined to a number of plausible tutistjcal models. 
For example, if F„ denotes the 14-year lung cancer 
death rate of a noe-smoking woman whose 
husband belongs to age-occupational cat eg ory 
i- 1, 2, 3, 4 and imokmg category j- 1 , 2 , 3 , then 
the trvdmooal relative nsk mode! P„- a, * rj yields 
a good statistical fir with an equally strong level of 
significance. (The 6 -degret-of- freedom 7 * goodnes*- 
of-flt natisnc it 5-3, with p-0 5.) For this model, 
the estimated relative riU of lung cancer for the 
intermediate category of unoking husbands is 1 -42 
(95% confidence interval 0-95 to 2 13) by maxi¬ 
mum-likelihood method*. The estimated relative 
nsk of lung cancer for the heavy-smoking husbands 
is 1-87 (95% confidence interval 1 21 to 2 91). 
These estimates are consistent with the relative 
mki reported in your paper. 

Is fairness and respect to Dr Mantel; we wish to 
put out that his speculation of an arithmetical error 
was only a minor point m his memorandum. The 
greater part of Dr Mantel 1 * mticmn* v*i devoted 
to ambiguities in your method of presenting the 
results. Thu* *t is not entirely dear to us mb ether 
you bated your stacisucaJ caituUnon* on more 
finely disaggregated age and occupational groups 
than those reported in the paper and reproduced by 
u* here, h 1 * undear whether you used the number 
of person-years at nsk or the number of person* at 
nsk m your calcuiitions of statistical significance. 
It is also not dear to ut whether you standardised 
on the ages of the wives themselves. Such calcula¬ 
tions, if not already performed, would certainly 
make the analysis more condustve. But we see no 
obvious reason why these additional analyses 
should produce substantially different result*. 

The Tobacco Insarule’s claim that your 
study is invalidated by a trivuJ arithmetical 
error has become as international news story, 
recognise that you, as author of the paper 


under challenge, art in the roost appropriate 
pouDon to respond publicly. A* your colleagues 
in the soeanfic commurury, wc urge you to 
uphold the vaiidiry of your paper. 

Jettxty E Haaxjs 
William H DuMouchel 

Dcpsnisrit of Irononua, 

MsbmcJiumtu Lojuruir of 

T rchnolog-y, 

Cambridge, Mas* 021 >4, 

USA 

* Mama! N, Hu pen c M. Jmn-naJ »f tk* Am^rxL*m 
Lsmitf ■/ Anawiai 1443 J4 .415-27. 

Sdi, —The far-reaching implications of the 
paper on passive smoking (17 January, p 183, 
make it imperative to determine whether the 
data 00 which it is based arc adequate for the 
purpose. 

In none of hri several reports on this population 
docs Hire yams explain how he selected hi* study 
population. There arc 46 prefccrurei in Japan. 
Within these prefectures there are B32 health 
station*. Is the *xx prefccrurei from which the 69 
health stations were selected there are 173 health 
station*. How were the 69 selected ? In oat report 
it was stated that they were the medically adequate 
ones, which would introduce certain biases. The 
su prefectures included in the study contain moat 
of the heavy industries in Japan and also border the 
sea. Shipbuilding, for example, in which Japan 
lead* in world production, is associated in the 
United States with asbestos exposure. Since ship¬ 
building is a mator industry in one of the prefect¬ 
ures in the study, were the health station* selected 
for the study for resident* in the shipbuilding 
area* ? Industry in Japan supplies medial art to 
workers and their families as one of the per¬ 
quisites of employment. Vert the families covered 
by industry omined from the study ? If so, the 
healthiest segment of the population was ommed: 

The figure of 91-99 % of the population of the 
health stations is given to demonstrate the populi- 
tion basis of these data. To what population 1 * 
Hirayxxna referring ? Is the census in Japan takre 
of health stati on s that is. of individual* eligible for 
eare in health stations > Ii not attendance at the 
health stations the option of the individual ? la the 
Japanese Almanac for 1972, the proportion of 
females vniung the health station* ranges from 
2*5% in Miyaga to 14 5% in Osaka. How on thu 
be population based > And if it is population based 
why were the rates figured by the person-year 
method rather than on the actual population V 

Personal intemrw surveys usually elicit more 
complete response than mailed questionnaires or 
hospital record searches. In this study, on the 
pivotaJ question of occupation 44 357 (31 04 %) 


Dv cancer deaths im men-nmokin? Japanese mm daring 14 years a{ akteraettan : data baaed on ladles 1 
and 12 oj Hirayama's paper* 


Husband’s crooking habit: 

Non smoker 

Ex-smoker or 1-19 
ogarrrtrs day 

^20 tigarmri day 

DtterrrvgettO date 



Husband ipd *0-54 years md working in sgneuiture 

Pepulaucn of *im si nsk. 

59*4 

12 753 

7.130 

Ne o( death* from lung cancer. 

3 

20 

16 

Lung oncer death* per 10 000 

5-0 

15 7 

22 4 

Husband aged *0-54 yr»n and working elsewhere: 

Population of wtv*» at ns* . . 

•021 

17 423 

13 434 

No of death* from lung cancer 

t 

20 

20 

Lung cancer drain* per 10 000 

10 0 

11 2 

144 

Huaband aged *0 y cm or sen and working is 
agrscWTure: 

Population of vnu tt r»U .. 

*♦07 

T741 

224 1 1 

No of deaths from lunf oncer 

14 

32 

1 

Lung cancer death* per 10 000 

)u 

43 4 

39* 

Husband aged *0 yrsn or more and working timherr: 

Population of at ns* . . 


4217 

2*3* 

No of deaths from, lunt csrtcrT 

7 

14 

1 : 

Lung csrvcrr drams per 10 000 

202 

22 3 

45 5 

date 

- 


Husbsndi of aJl agn and ocrvpauoni 

Populauon of vtws at nsk .. 

:t *95 

*4 114 

23 461' 

No of drains from lung eanexr 

>: 

a* 

5* 

Laing ranerr derohs per 10 000 

14 6 

143 

22 0 


* PM? 19*1 J*2:i»V5. 


Source: https://www.industrydocuments.ucsf.edu/docs/szpxOOOO 
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nearly inadequate for the purposes at hand. 
Rather fine categorisation is used for husband's 
occupation, but analysis of the data docs not 
indicate that'this is a significant predictor. 
The stratification for age, on the other hand, 
is far too coarse. Variations of cancer incidence 
within ICUvcar age ranges are large compared 
with the variations attributed to the husband’s 
smoking. Even relatively small differences in 
the age distribution of the three populations 
could thus produce the reported apparent 
effect. The use of husbands’ rather than 
wives’ ages for stratification compounds the 
problem. 

The measure of risk is also inappropriate 
for a study of such extended duration; The 
number_of person years at risk rather than the 
number^ of subjects should be used as the 
exposure variable, since many sub,ccts would 
have died of other causes during the study. 
The appropriate procedure for analysing data 
of this type is given in Mantel’s original 
paper. 1 

Finally, it is dear from the original paper 
that Dr Hirayama analysed several causes of 
death, but reported statistics only for lung 
cancer. The procedure of reporting only the 
most significant result from a choice of several 
possible dependent measures a posteriori is a 
common error which naturally leads to 
inflated estimates of significance. Only an 
appropriate multivariate test can properly 
estimate statistical significance in this situation. 

The analysis reported must thus be re¬ 
garded as inconclusive unless more refined 
analyses arc ablt to confirm the results. We 
endorse the author’s suggestion that further 
study based on larger samples is needed, but' 
we emphasise that such studies can be useful 
only if the relevant biomedical data are 
recorded and analysed in sufficient detail: to 
isolate the hyy>othesised effect from con¬ 
founding factors. 

Chris P Tsokqs 

Department of Mathematics, 

Uni vanity of South Honda, 

Tampa, Honda 33620. 

USA 

1 Mantel N, Halpenn M. Journal of the American 
Statistical Association 1963,58 ;611 *-27. 


Sir,—M ost of the questions raised in my letter 
(3 October, p 917) were not addressed in the 
response of Dr Hirayama that followed. The 
first readings of his original paper troubled me 
in view of his recognised: work, so that before 
I commented I reviewed every Hirayama 
paper in the literature on this study population 
to sec if the collective information might 
answer the questions. A map of Japan was 
constructed by prefectures and minor popula¬ 
tion subdivisions and the areas of the study 
were marked as nearly as they could be 
ascertained. Review of the reports on the 
epidemiology and clinical aspects of lung 
cancer of Other Japanese scientists and finally 
a serious study of Japanese demography, 
industry, disease trends, and all pertinent data 
were made; so the questions asked were 
serious and responsible. 

Dr Hirayama did not answer the question 
about how or why the specific health stations 
surveyed were selected, or how the few 
prefectures of the total in Japan from which 
the health stations were chosen were selected. 
He admitted that the selection was no; random 
and states, “The satisfactory representativeness 
of the sample was confirmed after the survey.” 


He does not say by what criteria this was 
confirmed. 

Mapping of ihe areas selected for study and 
of the industrial concentrations shows them to 
be related in nearly every instance. D r 
Hirayama states, "Asbestos exposure is quite 
unlikely to have influenced our result since the 
proportion of industrial areas are surely not in 
excess in our sample.” Asbestos and other 
industrial exposures would have to be con¬ 
sidered according to the ideations of the study 
areas and of the industrial complexes as 
revealed on the map of Japan. The areas were 
nearly all in the areas with high standardised 
mortaliry ratios in the excellent and fully 
documented countrywide epidemiological lung 
cancer mortality srudy of Minowa el a/. 1 The 
tabulation on the basis of the husbands’ ages 
is not explained. According to the median age 
at time of marriage in Japan, there is a 
difference between husbands’ and wives’ ages, 
the wives being generally younger. Dr 
Hirayama states, “We have tables by wives’ 
ages separately.” They were not found in the 
literature search on these data. 

No response at all was made to the following 
questions: Cl) Were the families whose medical 
care was covered by industry omirted from the 
Study ? (2) To what population is Hirayama 
referring? (3) Why were 31% of the women 
surveyed (and 40% of the women smokers) 
listed as unknown or not specified as to 
occupation? For a person to person survey, 
this suggests methodological problems. (4) 
Why were references to current Japanese 
studies by reputable men, Minowa ti al x and 
Aoki, 5 whose findings did “not seem to 
explain the prefectural differences of lung 
cancer mortality” not mentioned? (5) The 
report by Ishikawa* on the preponderance of 
adenocarcinoma in Japan, in a footnote of 
which he acknowledges the assistance of Dr 
Hirayama, his colleague as a reviewer, is not 
referred to in the answer, although this is yery 
important to this discussion. 

Two new issues were introduced by Dr 
Hirayama in his response, one on the quantity 
of sidestream smoke inhaled by the wives, 
without any discussion of the quantity smoked 
in houses or in the presence of the wives. All 
the sidestream smoke of husbands' cigarettes 
would not be inhaled. A remarkably careful 
study on this subject was reported in 1978 by 
a French group that helps to explain the 
differences reported by different techniques of 
measurement. They improved and explained 
each innovation they used to overcome 
logistical problems noted in previous studies. 
They concluded* with valid proof, that on the 
strictly toxicological level there is no hazard 
for non-smokers. The report does not neglect 
to remark on the problems that are presented 
to a very important fraction of the population, 
however. The second issue introduced in the 
reply was that inhalation through the nose is 
different from the smoker’s direct inhalation. 
This did not consider the superb filtering 
system, which would conceivably reduce the 
amount of ambient smoke inhaled by the wives. 4 

Finally, the far-reaching implications of this 


unproved passive smoking effect are already 
in evidence in the literarure. 

Eleanor J Macdonald 

Dimion of Cancer Prevention, 

University of Texai System 
Cancer Center. 

Houston, Texas 77030, 

USA 


* Minowi M, Shircmacju I, Nagai M, Fukutonu K. 

Soc Sc I Med 1981I.I5D'l) 225-31. 

» Aoki K. Ohno Y. \ir>pon Rmino 1980:36:2541-50. 
Mihik**-! S.JpnJ Clin Oncol 1973,3:19-30. 

4 Badre R. Guillcrm R, Abran,N, Bourdin M, Dumas C. 
Annaitt Pharmacrutxqurt frarKatiei 1978 ,36:443-52; 


Sir,—D r T Hirayama (17 January, p 183) 
reports a greater risk of lung cancer in non¬ 
smoking women when their husbands smoke 
than when they do not; Assessing the statistical 
significance of this association by a j l trend 
statistic on one degree of freedom, Dr N 
Mantel (3 October, p 914) showed that a non¬ 
significant value of 3*31 is obtained if age and 
occupation are ignored. However, if these 
factors are taken into account, on the basis of 
data given in tablfe I of Dr Hirayama’s recent 
letter (3 October, p 916), a higher y* value of 
8*70 is obtained, which is statistically significant 
(pcOOl), and similar to* though not identical 
with, to the value of 10-88 given in his original 
paper. While this slight discrepancy might 
have been due, perhaps, to the use of narrower 
age bands in Dr Hixayama’s original calcula¬ 
tions, it is dear that the much more significant 
differences claimed in tables II and III of his 
ltuer are due to a statistical error. 

Table II, which gives a very much higher x~ 
value of 36*81 for a similar comparison, is based on 
the false assumption that the lung cancer rate of 
non-smoking women with husbands who did not 
smoke is known precisely. The correct calculation, 
given in my table, gives a much lower Uvel of 
significance for the Japanese data, and hi* calcula¬ 
tions for the American 1 and Greek* data are 
similarly in error. Consideration only of women 
with smoking husbands has also led Dr Hirayama 
to conclude incorrectly that the American study 
w*i materially less powerful than the Japanese 
study because of sample size. In fact, the studies 
were of very similar power, a slightly smaller total 
Dumber of deaths in the American study (153 
compared with 174) being balanced by the greater 
stability of the denominator in the relative risk 
calculations, dUe to the greater number ofdeaths in 
women whose husbands did not smoke (65 
compared with 32). 

The source of the error in his table III is not 
dear, but the remarkably narrow 95 % confidence 
bands for relative mk given in the table below the 
figure cannot be even approximately correct. How, 
for example, can the ratio of 2 94 given for die 
comparison of lung cancer rates between non¬ 
smoking men whose wives smoke (seven deaths out 
of 1010) and non-smoking men whose w»ves do 
not smoke (50 deaths out of 19 279) possibly have 
95 % limits as close together as 2 65 and 3 2&—that 
is, — 10%—when the 95% limits for the seven 
observed deaths are approximately 2 and 12—that 
is, ±70%.—and the variability of the relative mk 
must be greater than this ? 

Hugod, it aP have shown' that under quite 
extreme passive smoke conditions, sufficient to 
produce a carbon monoxidt air concentration of 
20 parts per million, a non-smoker would take 11 


Observed and expected deaths from lung cancer in non-smoking toomen in the Japanese s^udy according to th* 
smoking habit of their husbands 



Husbands do not smoke 

Husbands imokc 




Observed 

Expected 

Observed 

Expected 

X* 

P 

Ai *w Hirayama 

32 

(32 0) 

h: 


3* *1 

<0 <***>! 

Correct calculation 

32 

45 8* 

142 

128 2^ 

5 78 

< 0 05 


• Standardised for age and occupation on the basis of dm in tabic I of Dr Hira> amaY letter (3 October, p 916). 


Source: https://www.industrydocuments.ucsf.edu/docs/szpxOOOO 
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PASSIVE SMOKING 

T. N la 

IrndfpcfUtm CpKMtlM * Si artxrl^ 25 C*d& XW Smhm. 

Wrrr SW; 5DG, 

(JlrorWW 22 Sepi/wiw JMJ. wUkw W(W 1* October J9IJ) 

gamraary—before IftO the argument that passive smoking arts a ten oat health hazard was rather 
touout It wat claimed that it produced altergie reaniom, impaired driving ability, reduced orox 
tolerance is patient* with ardioretpiratory discs** and increased tbc ruk of bronchtiii and pneumonia 
k first-year children However, *o« of these claims provided convincing evidence relevant to the 
aormaJ health; adult aontmokrr Many *tud»et indicate that wonanoktrs art unlikely to inhale more 
than • wry small amount of those component! of tobacco smoke traditionally considered harmful It 
vet surpriiing therefore when • study carried out in the US A. shoved reduced airways function and 
Rud*s from Japan and Greece shoved an increased lung cancer incidence, in nonsmoken passively 
ctpoeed to tobacco smoke in comparison with no rum ok m not so exposed A review of the detail of 
these studio suggests that none provido condusivt evidence that passive smoking is senouaJy harmful 
t view supported by a reernt large study that was carried out in the USA and in which no significant 
relationship *u found between passive Booking and King cancer More research it orgrotJy nerd rd. 
parucalariy to explore the influence of potential)* confounding lad ora 


lotrodertioe 


Piuivc smoking is the tahifatioc of tobacco smoke 
other than by puffing oc a cigarette, cigar or pipe. 
Study of it U relatively oew, with few literature refer* 
etjoes before 1970. In this review a number of types of 
accusations that bad been levelled against passive 
■coking up until 1979 are considered first There toV 
lows a section summarizing the dosimetric aspects, 
understanding of which is fundamental to aensible 
evaluation of the epidemiological evidence, and then 
raced suggestiont that passive snoking might be a 
more serious health hazard than hitherto considered 
likely are examined critically. 


tarty dthm 

Annoyance md krumiom 




Tbit passive amokt exposure, mpadaBy wader coa- 
pooTa^entil t' aad feri* 
^gtingSr-a^SSr^^T^ScMaod^^rRn^By inter* 
Viewing 250 aonaltergic patients about their reaction 
%o cigarette Rnoke, Speer (1968) found that 69% 
reported eye irritation, 32% headache, 29% nasal 
symptoms and 25% oough. Weber, iermini 6 Grand* 
Jean (1976) found that the frequency of r eported eye, 
nose and throat irritation in creased with mcreasing 
concentrations of smoke is a mated chamber, and tug* 
prned that acrolein was the major offending tub- 
sun ce. Subsequently, however, Hugod, Hawkins Jk 
Astrup (1978) showed that, although s gas-phase pol¬ 
luted atmosphere was as annoying as one polluted 
with whole sidestream smoke, air pollution with aero* 


Abbrevutikms CET • Cigarette •quivaJcot time. COHb 
■ CarboiyhAemoglobin. FEF (25-73%) • forced aud- 
exprrsiory fiow. FEF C?5-I3*;i - forced twd-ctptratory 
ftow. FEV • forced espnnory volume «b 1 anccmd. 
FVC m foroed vita!; capacity; NDMA • tf-mitro*od>- 
•nhyianua*: PM - paniculate matter. 


kin at three times the concentration present in side* 
■ream smoke caused considerably leu discomfort. 

AUtrgy 

The 1979 US Surge on-GtneraTi Report (US Public 
Health Service, 1979) devoted a chapter to the subject 
of allergy and tobacco smoke. It concluded that the 
existence of such an allergy was not dearly estab¬ 
lished but that those with a history of alterg>es to 
other substances, expeciafly those with rhinitis or 
asthma, were more likely to report the irritating 
effects of tobacco smoke. Whether this was a psycho- 
fog) cal rather than a physiological response is open 
so question. 

Bronchitis w*d pneumonia b» children 

Colley (1974), who has been studying respiratory 
symptoms m children and young adults for many 
years, first reported evidence of a possible effect of 
parrots! smoking is 1974. In this Rudy s slightly m- 
ottsed prevalence of oough m children aged 
6~14 years whose psrentt smoked lost hs significance 
when parental respiratory disease was taken into 
account The author noted that "then was no sugges¬ 
tion that exposure to the cigarette smoke gtnrrsied 
when parents smoked bad any more than a small 
effect upon the child’s respiratory symptoms* 

Later in that year Colley. Holland £ Corkhill 
119^4) published a follow-up paper showing that in 
children in the first year of Uft, hut not in the second 
to fifth year, prcvateooe of cough was significantly 
higher in children of parents who smoked This excess 
was Rill significant if the analysis was restricted to 
those parents who did not have phlegm Despite not¬ 
ing that **lbe association could he a result of shared 
jenelic susceptibility to respiratory disease between 
parents and children, to living in the same home en¬ 
vironment, and to ctoss- infection within the family* 
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they concluded that “a picture Ku thus emerged of * 
•enous risk to infants in the first year of lift from 
exposure lo their parents* cigarette smoke". 

A further study by Leeder. Cork hill, Irving el ml 
0976) sustained these findings, demonstrating an in- 
otued prevalence of bronchitis pneumonia and 
vbeur (but not asthma) is the first year of life m 
children whose parmu smoked More possible txpla- 
aatory (acton wm studied than in 1974, including 
whether or not ft cbling had symptoms but standar¬ 
dizing for these did not affect the conclusions 

Whether passive wnokc in the atmosphere of the 
home is the cause of these infections remains open to 
quest)cm. The 1979 US Surgeon-Generals Report (US 
Public Health Service 1979) suggested that parental 
neglect may play a role. Also the fan that smokers are 
more sociable (Eysenck, 1965) could present more op¬ 
portunity (or the children to come into contact with 
infection. 

Psychomotar tffeeu 

There has been some con c ern that relatively low 
levels of carbon monoxide may have an effect on psy¬ 
cho motor functions, especially in relation to driving a 
car. The literature reports a great discrepancy in the 
level at whjch blood cartwxyhaemoglobin (COHb) 
may affect vigilance. Summarizing the literature, the 
1979 US SurgeoD-Generars Report (US Public 
Health Service, 1979]; concluded that effects men at 
levels of COHb found is passive smoking conditions 
are measurable only at the threshold of tumuli per* 
orphan and that effects of CD oc driving performance 
•nd interactive effects of CO and alcohol art only 
found at higher COHb levels. A receni study by Guil- 
lerTTL Radziszewski A Caille (1978), in which subjects 
drove a specully equipped car for 5 hours during the 
night, exposed either to air or CO sufficient to pro¬ 
duce blood levels of 7 or 11% COHb, found no effect 
of even 11% COHb on driving precision or visual 
reaction time. This COHb level ticctds that achieved 
by all passive and indeed most active smokers. 

£xprrijr tolermce n 

Aronow (1978) examined the effect of passive 
■aoke exposure on 10 patients (two smokers, eight 
•onsmoken) with angina pectoris. Mean time of exer¬ 
cise until onset of angina m control conditions 
(COHb level 1*3%} was reduced by 22% after ex¬ 
posure to passive smoke in a ventilated room (COHb 
level 1-8%) and by 38% after exposure in an onventi* 
lated room (COHb level 2 3%| He also noted that the 
passively exposed patients had a raised heart rate and 
blood pressure. He attributed this to the possible 
absorption of nicotine, though be did not measure 
blood levels The 1979 US Surgeon-GeneraTi Report 
(US Public Health Service, 1979} considered *t un¬ 
likely that the very lorn levels of nicotine absorption 
Could be responsible for these physiological changes 
and suggested that the response could be due to stress 
following anxiety or aggravation induced by the 
•moke-filled room. 

SwJiPiwy of evidence available hi 1979 

Taking all this evidence together, it seemed dear 
that while smoking was a source of annoyance to 
tome, although noi perhaps very annoying for many. 


the grounds for believing it.to be a health hazard were 
rather Ihin Where adverse effects were claimed they 
d>d not apply to the normal healthy adult oommoker 
and/or were not backed by particularly solid evi¬ 
dence A statement made in a leading article m the 
BririsA Medico! Journal (3 978) typified the, generally 
accepted view at the time: “For the moment most— 
but not all—of the pressure for people (including 
many smokers) to have the right to breathe smoke* 
free air must be based on aesthetic considerations 
rather than on known serious risks to health" 

Dodos try 
General 

A number of totally misleading statements have 
been made about the dote received by a passive 
smoker. One example is that by Repace A Lowrry 
(1980) who, using a theoretical model combined with 
measurements of cigarette smoke paniculate matter 
(PM) m various different environments, estimated 
that a nonsmoking office worker exposed to moderate 
passive smokt inhales the equivalent, in PM terms, of 
five cap reties a day while a very heavily exposed 
Donsmoking musician working in a night dub with a 
chain smoker for a room-mate inhales the equivalent 
of 27 cigarettes s day Study of the detail of this paper 
revealed that the authors had used an extremely low 
yielding cigarette with a PM yield of only 055 mg 
cigarette as a basis for calculating cigarettes per day 
1C more realistically, a ales weighted average cigarette 
with a PM yield of 17-fimg'cigarette had been used, 
the appropriate exposures would have become one- 
«xth of a riprettr per day for the officer worker and 
five-sixths of a cigarette per day for the musician 
Even more outlandish was the recently reported claim 
of Lane quoted in the national press in the UK ( Daily 
Mail and Doily Telegraph both of 2 June 1981} that 
“there is bow medical evidence to show that the 
amoke breathed in by non-smokers is 18 times higher 
Id tar and 12 times higher is nicotine than the amoke 
breathed by smokers.,*. The source of this claim 
undoubtedly comes from a table published by the 
Laboratory of the Government Chemist (1980). which 
showed chat the ratio of sidestream to mainstream 
yields was )8 for tar and 12 for nicotine when a very 
low tar cigarette was smoked under machine con¬ 
ditions. Not only had the cigarette used as a basis for 
comparison a tar level some 10 to IS times less than 
that normally vnoked, but the fundamental error of 
confusing aidestrearn yields and ambient concen¬ 
trations had also been made The concentration of 
sidestream amoke is measured as it leaves the burning 
cone of tobacco between puffs, whereas what is rele¬ 
vant to the passive smoker is the concentration of 
smoke as ti reaches him after dilution by room air. 
Ambient concentrations vary drastically depending 
on the degree of room ventilation but even under 
conditions of poor ventilation will be very consider¬ 
ably leu than sidestream concentrations, which a 
wonsmoker would only receive if be were to keep his 
mote right on lop of the cigarette 
A Dumber of workers have measured the concen¬ 
tration of smoke constituents in ambient air and in! 
body fluids An im portant study by Hugod et at 
(1978) measured air concentrations of a oumber of 
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m 




Smoke 

4 conn it uctu 

Mainstream yield 
inhaled by smoker 
(rngtagarmc) 

Inhaled amount tn 
passive smoking 
conditions 
(mgTirtt 

Cigarette 

•quivaJenu/hr 

Cigareiie 
equivalent tune 
(hr) 

-NO 

030 

0U2 

04! 

14 

CO 

1140 


050 

20 

Aldehyde 

Ml 

0214 

026 

31 

Acrolein 

009 

0013 

014 

7 ) 

TPM 

25 30 

2300 

009 

111 

Nicotine 

2 10 

004) 

002 

500 

Cyanide 

025 

0005 

002 

500 


TPM • Total paniculate matier 

•Data from Hugod, Hawkins A Astrup (1978) . 

tVblunteeri were exposed in a dosed. un ventilated room to quite severe passive smoke condiuotu in which the au CO 
concentration »u kepi at 20 ppm over a J-hr period 


constituents in a dosed, unvenlilated room in which 
ten volunteers were exposed to quite severe passive 
vnoke exposure conditions is which the air CO con¬ 
centration was kepi ai 20 ppm Comparing the e*ti- 
mated inhaled amounts of each constituent with those 
inhaled by a smoker the) calculated npretie equival¬ 
ent times (CET) in hours for aevtn different constitu¬ 
ents (Table H It can be seen that these estimates of the 
time taken to inhale the equivalent of one cigarette 
vary widely according to the particular constituent. 

Nicotine 

For aicoline. Hugod rf al (1978) estimated it would 
take a passive smoker 50 hr to take in as much as 
would a smoker smoking one cigarette, an amount 
they regarded as negligible Their results are broadly 
consistent with those of Hinds Ml Farsi' <1975} who 
estimated that nicotine concentrations in various pub¬ 
lic places in the USA ranged from the equivalent of 
one-thousandth of a filter cigarette per hour in a *bus 
station waiting room up lo almosi one-hundredth in a 
cocktail lounge Similarly Russell & Feyerabend 
(1975) found that nonsmokm exposed experimentally 
in an almost'intolerably smoky room, whilst having 
avenge urinary nicotine levels almost ten times 
higher than non smokers not deliberately exposed to 
smoke, bad urinary nicotine levels 15 times lower 
than average smokers. 

Total particulate matter 

For total paniculate matter, the constituent usually 
considered to be related to the excess of lung cancer 
risk in smokers, Hugod et al (1978) concluded that 
the CET value it "so high that the passive smoker will 
never inhale more than what equals J-I cigarette per 
day"—• finding consistent with the conclusions of 
RcpaceA Lowrty (1980)lif adjusted to that a sensible 
baseline cigarette it used for comparison 

Cwho* monoxide 

For CO. the conclusions of Hugod et al (1:978) are 
rimilar to those of Russell, Cole A Brown (1973) who. 
working with even more extreme conditions involving 
twice the exposure level for CO than that used by 
Hugod et ah, found half the C ET va lue (i.e l hour) 
Even despite this relatively k>w CET value, it is most 
unlikely that passive smokers will achieve blood 


COHb levels as high as 3%. which has been claimed 
to decrease the threshold for intermittent claudication 
and angina pectoris in patients with obliterating 
arterial disease (Anderson, Andelman, Strauch et ah 
1973, Aronow, Stemmer A Isbelli 1974) 

N - N itrosodimet hylamine 

N-Nitrosodimethylamine (NDMA) merits mention 
in the context of passive smoking because of IU unu¬ 
sually high ratio of udestTtam to mainstream smoke 
deliveries (Brunnemann, Fink A Moser, 19S0j and ofi 
its known biological activity. 

Brunnemann, Adams, Ho A Hoffmann (19781 
measured the levels of NDMA in the atmosphere for 
several indoor locations in the USA The highest con¬ 
centration found (024 ng litre) was in a bar, and the 
authors calculated that a nonsmokeT in this situation 
would inhale, in 1 hour, an amount of NDMA equiv¬ 
alent to that inhaled by a person actively smoking 
17-35 filter cigarettes Not only was this an extremely 
smoky atmosphere (their equivalent figure m a bank, 
where smoking was permitted, being one to two filter 
cigarettes), but the concentration considerably 
exceeded that (007 ng litre) found by H Altmann 
(personal communication, I98U in a small (46 m 5 ); 
unventilated conference room in which 11 people 
smoked 64 cigarettes in 2 hours—conditions sufficient 
to produce nausea in the majority of those present' 
The significance of these low levels of NDMA is not 
clear. The 1979 US Surgeon-General's Report (US 
Fublic Health Service, 1979): points out that the 
absorption of nitrosamine from environmental con¬ 
ditions is not necessarily equivalent to the absorption 
by smoking- while Brunnemann et al (1980) have 
emphasised that “no epidemiological data exist Unk¬ 
ing human respiratory cancers to volatile nuros- 
anunes". 

Dosmtfrry —c conclusion 

Hugod et al (1978) concluded that ~in spite of an 
often considerable subjective discomfort exposing 
non-smokers to tobacco smoke under realistic con¬ 
ditions will I not cause inhalation ofi such amounts of 
the components of tobacco smoke traditionally con- 
aicfored harmful that a lasting adverse health effect in 
Otherwise healthy, grown-up individuals aeems prob¬ 
able". 


fji- T m-r 
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Table 1 Vita! capccitin end expiratory fan ran in tmoLrrs pnd nonvnctrrf 


. Ux 

Group 
i umber 

Smoking habitst 

FVC 

Percentage of predicted 

FEVj FEF 25-75% 

FEF 75-85% 

Male 

I 

Ndnsmokers. no smoky environment 

t02 

103 

104 

120 


2 

Nbnsmokers, smoky environment 

99 

98 

91 

95 


J 

Smokers not inhaling 

96 

99 

92 

47 



Smokm 1-10 cigarettes'day 

95 

97 

19 

77 


5 

Smokers: 11-39 cigarettes 'day 

44 

46 

76 

68 


4 

Smokers. >40 ctgareues/day 

42 

77 

72 

60 

Female 

l 

Nonsmokers, no amoky environment 

102 

104 

108 

112 


2 

Nonsmokers. amoky environment 

98 

99 

93 

45 


3 

Smokers not inhaling 

97 

99 

92 

15 


4 

Smokers: 1-10 ogareites/diy 

96 

98 

19 

13 


5 

Smokers 11-39 cigarettes'day 

15 

45 

76 

49 


4 

Smokers >40 ci|areuet/day 

71 

40 

72 

62 


•Dau from White * Froeb (19S0) 

tEipoiurc to a amoky environment or consumption of cigirettes waj for more than 20 yn Group 3 include* pipe. agar or 
cigarette smokers who dsd not mhaie Groups 4. 5 and 6 were all inhaling cigarette amokers 


Effect* on fh* tmall airways 
In iht list 2 years, some new evidence hit canted a 
coniiderable amount of rethought on the passive- 
Bnoking issue The first such evidence, published in 
the Ke* England Journal of Medicine in March 1980, 
aunt from a study by White A Froeb (1980) of the 
relationship between virious pulmonary function 
indices and passive smoking A group of 3002 men 
and women who had been physiologically evaluated 
during a •‘physical fitness profile* course, and who 
were without a history of relevant cardiorespiratory 
disease, occupational exposure to dust or fumes or 
•everc exposure to pollution at home or at work were 
divided into six groups according to their exposure to 
tobacco amoke No significant difference was found 
between nonsmokers exposed to a smoky environ¬ 
ment for more than 20 years (group 2) and won- 
smokers ntvn so exposed (group 1) as regards forced 
vital capacity (FVC) and forced expiratory volume in 
I aecond (FEV,); but nonsmokers exposed to passive 
smoke had statistically significant reductions in forced 
mid-expiratory flow (FEF 25 to 75%> and in forced 
end-expiratory flow (FEF 75 to 15%; Table 2). 

The most surprising thing about the results of 
W'hite A Froeb (1980) was that the reductions in FEF 
teen in group 2 were generally very similar to those 
seen in group 4, smokers of one to ten cigarettes per 
day foT more than 20 years. Why, should a relatively 
Urge difference (group 2 v. group 1) in airways dys¬ 
function be seen as a mult of an apparently relative 
small difference in exposure to smoke constituents 
when only a relatively small difference (group 4 c. 
group 2) it teen in response to what was m all prob¬ 
ability a much larger difference in exposure*’ 

In view of this implausible result considerable 
attention had to be given to the details of the study 
and a number of criticisms were voiced in the New 
England Journal of Medicine (Adlkofer, Scherer A 
Weimann, 1980; A via do, 1980. Huber, 1980). One of 
the oddest things about the study was the procedure 
by which the sample was selected It was staled that 
each candidate was classified into one of the six 
defined groups Yet it it clear from Table 2 that 


anyone who changed smoking habits in the last 
20 years does not fit into any group Furthermore, as 
the authors define both groups 1 and 2 as living in a 
bouse where tobacco smoking was not permitted, 
what has happened to those nonsmokers, presumably 
in the great majority, who lived in a house where it 
was permitted 0 There are other less importanti omis¬ 
sions too (inhaling pipe and cigar smokers or cigarette 
smokers not' allowed to smoke at workhand one 
might even consider h harder to find people w ho do 
fit into the groups of White A Froeb (1980) than to 
find ones who do not Without an adequate explana¬ 
tion or this anomaly, it is difficult to have much confi¬ 
dence in these findings 

Lung cancer 

Whilst the findings of W'hite A Froeb (1980) relate 
to an index which is contentious and certainly not an 
accepted reliable indicator of an increased: healthirisk, 
two more studies published in January 1981. by Hir- 
ayama (1981a) and by Trichopoulos. Kaiandidu 
Sparros A McMahon (1981k caused more attention, 
as both claimed that nonsmoking wives of amokers 
had a significantly greater risk of lung cancer; than 
nonsmoking wives of nonsmokers. 

Japanete study. Of the two ttudiev that by Hir- 
ayama (198lak who followed up 91 >40 Japanese 
oonsmoking married women aged 40 years ot over in 
1965 for 14 years, is the more substantial. He classified 
women into three groups according to the smoking 
habits of the husband The mulls showed a highly 
significant' trend in the risk of lung cancer with 
increasing imoking by the husband, with wives of 
beavy amokers having double the risk of wives of 
nonsmokers (Table 3 k in contrast the wives of 
amokers had no significant increase in risk for. emphy¬ 
sema, asthma, ischaemic bean disease, or cancer of 
the cervix or stomach 

Following critical comments by Gnindminn 
Muller A Winter (1983 k Kornegay A Kanenbaum 
(1981k Macdonald (1981k Rutsch (1981) and Sterling 
(1981k further information on the detail of his study 
has been given by Hirayama (1981b. 1981c): It is use¬ 
ful to summarize briefly the main points raised and to 
consider their implications. 
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Table 3. Atr-occvpotxm x<wUar4\ir4 cancer risk fe Japan/x wcmr* momtmokerS* 


1 Smoking kabii of husband 

Sampik 

as 

Number of lung 
cancer death* 

Annual lung cancer 
mortal ny rate 
per 100.000 

Standardized 
lung cancer 
risk ratio 

Significance 

of 

trend 

N on i mo ken or oocaitonaS tmoken 

Es-smokers or smoken of 1-19 

urn 

12 

87 

too 

** 

. dgarettes/day 

44.184 

m 

140 

Ml 

I 1 - IMS* 

Smokers of >20 rigareitet/day 

25,461 

X 

18 1 

208 

f -0001 


•D*u from Hirayama (1981a). 

tOoe dcgrtt of freedom test statistic aooring Q, I and 3 far the three smoking categoric* 


(1) It was suggested that the statistically significant 
j 3 value of 10-88 shown in Table 3 might be the 
result of an arithmetical error as calculations by 
Mantel (1981V based cm the unstandardized data 
given in the original paper, pvt a j 2 value of only 
>31 which was not significant In Can the confusion 
appears to have arimn because Hiriyama (1981s) 
bad standardized for age and occupation bgt had 
not stated this clearly. This was important as the 
husbands who wnoked were younger than those 
who did not. In a subsequent letter Hirayama 
(1981c) presented data by age and occupation 
which allowed one to calculate a z 3 value of 8 70 
which, while not the same as that originally quoted 
was similar and significant Surprisingly, in the 
same letter, Hirayama (1981c) quoted a much 
bigheT z* value of >6 81 for a similar comparison 
(difference between nonsmoking women whose hus¬ 
bands have never smoked and those whose hus¬ 
bands havt ever smoked) but this was based on a 
statistical error (Lae, 1981V Despite this error, it 
sum s probable that the association■ found really 
was a significant one, though of course s significant 
association need not imply a significant causal 
effect of passive smoke exposure, 

(2) For s reason that was not apparent, Hirayama 
11981a) standardized for age of the husband and 
not for the age of the wife Howevrr H seems un¬ 
likely this would have materially affected the find¬ 
ings, as, if U did cause bias, it would be expected to 
affect all the causes of death and not just lung 
cancer. 

(3) Smoking habits were determined only at the 
beginning of the period and may have changed 
Again, however, it seems unHkely that enough of 
these women would have taken op Rooking to 
cause marked bias 

(4) The great majority of the lung cancers men, 17 
out of 23 in a sample, were adenocarcinomas, a 
type of lung cancer generally believed to be much 
more weakly related to Rnoking than squamous 
cell carcinoma. 

(5) Evidence of trends in King cancer rates m Japan 
suggest that there may be some other important 
cause of lung cancer which was not studied 
Between 1947 and 1978, fcmak lung cancer rates 
rose nine-fold and yet Hinyama'i (1981a) own 
results show only a four-fold risk in active cigarette 
■noken compared with oon-passively exposed 
■onxmokers—and relatively few women m Japan 
(about 15%) smoke anyway. 

(6) The index of "passive* exposure used it not 


likely to be very accurate. Not only does the hus¬ 
band Rnoke a varying proportion of his cigarettes 
ai home, but the wife will also be exposed to other 
sourses of exposure besides the husband. In prin¬ 
ciple, though, this is likely to underestimate rather 
than over estimate any relative risk associated with 
passive smoking 

(7) What » most surprising however, is the sheer 
magnitude of the association The two-fold irv- 
aeased risk m wives of heavier smokm is similar, 
in Hirayami's (1981a) study, to that of women ac¬ 
tively smoking about five cigarettes a day. whilst it 
was stated that the heavy snokers smoked on aver¬ 
age only 8 4 dprettes a day at home and these 
presumably not all in the direct pre s ence of the 
wife If this is so, the study teems to be uggraing 
that one actively smoked cipretie is not so very 
different from one passively smoked one, which 
•etmi completely inconsistent with the dosimetry, 
especially when one realises that an active smoker 
probably has pester passive smoke exposure than 
a passive!) exposed nonsmoker. 


Creek study In contrast to the Japanese study, the 
small Greek case-control study ofTrichopoulos ei a/. 
(1981) is relatively lightweight, being based on only 40 
lung cancer cases seen in nonsmoking women 
ever, their results (Table 4J, though having quite ^ 
Confidence limits, agree well with those of Hinysnaf 
(i98la). Taking into account a number of possible 
confounding factors (age, duration of marriage occu¬ 
pation, schooling residence) did not affect the general 
picture. 

Although the trend is statistically significant, the 
limitations pointed out by the author*—the small 
■umber of cases, 35% of which were oot cytologically 
confirmed, and the cases and controls being taken 
from different hospital*—would have meant that do 
great weight would have been attached to the results 
fmS rtaj uui come put nt th^aamejime aawnd befog* 
jpupported by^thdie of Hirayama (1981aV It is inter¬ 
esting in comparison with the Japanese study, that 
Trichopoulos et ml (1981) specifically excluded adeno- tv 
carcinomas from their cases, since it was presumably© 
implicitly assumed that this type of lung cancer wa 
do i smoking-associated 

Amrriam study. Even taken together, the Japanese*^! 
and Greek studies art by no means totally convinc-Wl 
mg Doubts as to whether such a large effect on hjnjT* 
can err incidence could poisibl) be due to such ar£j 
apparently small dose of tobacco smoke have very 
recently been supported by Garfinkcl (1981) based orPjJ 

O 
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Tabk 4. Smoking kabm of husbands of Grtrk nonsmoking womm with, ktng cmncer mnd of 
nonsmoking control women* 


Lem4 cancer Relative Significance 

Smoking habit of husband euet Controls ruk of trend 


Nonsmoken 


11 

71 

10 


Ex-smoken 


6 

22 

14 


Smokers (agartnei/day); 

1-10 

2 

9 

1* 

I* -MS 


11-20 

13 

12 

J 


2100 

4 

4 


F <002 


>20 

4 

9 


Total.. 

..40 

149 




•Dau from Tnchopouloui, Kaltnddi, Sparro* £ Mac Mahon (1911). 


multi from the American Cancer Society's million 
person prospective itud) and the US Veterans Study. 
Two analyses were carried out The firtv similar to 
that used in the Japanese and Greek studies, showed 
bo significant relationship between lung cancer risk 
and the smoking habit of the husband (Table 5). 
Indeed, after matching for age, occupation, education, 
race, urban/rural residence and absence of serious dis¬ 
ease at the stan of the study, nonsmoking women 
mimed to smokers of 20 or more cigarettes a day 
had an estimated risk of lung cancer virtually ident¬ 
ical to that of non-smoking women mimed to non- 
smokers 

The second analysis found no evidence of any trend 
in lung cancer rates in oonsmokers over the period of 
cither study As death rates of smokers had increased 
substantially over the period, presumably mainly 
because of the duration of smoking effect (older 
smokers at the end of the period would on average 
have smoked for longer than similar aged smokers at 
the beginning of the period), one might have expected 
a similar rise to be seen in non-smokers, had passive 
smoking been a material cause of lung cancer risk m 
Bon-smokers. 

Although one might argue that passive-smoking 
effects would be more difficult to pick up is the USA 
where women spend more time out of the home and 
marry more often [GarfinkeJ (1981) had no dau on 
smoking habits of ex-husbands] than is the case in 
Greece or Jtpan^ it is dear that the Garfinkel (1981) 
Study has underlined the view that further studies art 
seeded to explore the relationship between passive 
smoking and lung cancer. 

Both Garfinkel (1981), and also Hammond £ Seli- 
koff (1981) in a paper reviewing findings from the 
Japanese and Greek studies, pointed out that it is 
extremely difficult to reconcile findings indicating a 
higher risk of lung cancer in passive smoking with 
results from the study by Auerbach, Garfinkel £ 


Hammond (1979) of histologicalichanges m bronchial 
epithelium taken from autopsy material. Lesions fre¬ 
quently seen in cigarette smokers (such as atypical 
nuclei and lesions similar to carcinoma in siru) have 
very rarely been found in people who have never 
smoked This finding and also the reported small 
doses of smoke received by nonsmokeri, both suggest 
that passive smoking cannot play more than a very 
small role in the development of lung cancel, a view 
also reached by Lehnert (1981) who considered evi¬ 
dence from the USA and Japanese studies in detail If 
passive smoking is not causally implicated n is of 
fundamental importance to try to identify the con¬ 
founding or biassing factors that resulted in the 
higher risk of lung cancer seen in wives of smokers in 
the Japanese and Greek studies, but not in the 
American study. 


CaacMoo 

While more reaearch is certainly needed, there 
seems at present to be no convincing evidence that 
passive smoking results in any material risk of serious 
disease for the healthy nonsmoker. 
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Table 5 Lvng con err dear hi omongvt nonsmoking »omn hi the USA* 




Age standardised Matched group 

(v 

0 

fO 

CO 

01 


Number of lung 

analysis analysis 

Smoking habit of husband 

cancer deal Hi 

mortality ratio mortality ratio 

Non smoker 

65 

too too 

Smokn < 20 dgartnes/day 

39 

127 137 

Smoker > 20 ogamies/day 

49 

110 HM 

h* 

Co 

*Data from Garfinkel (1981) 






h* 
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AGE AS A MODIFYING FACTOR IN THE ASSOCIATION 
BETWEEN LUNG CANCER IN NON-SMOKING WOMEN AND 
THEIR HUSBANDS SMOKING STATUS 


S. J. Kilpatrick' * J.Vlrai’ 

'Departmental of Biostatistfcs, Medical College of Virginia, Richmond, Virginia, USA 23298-00032 
*RJ.Reynolds Tobacco Ca, Winston-Salem, NjC. 27102, USA 


ABSTRACT: 


A previous analysis (1) of (2) is reviewed and extended. Age is shown to 
be an important modifying factor in the association between lung cancer 
in nonsmoking women and their husbands* smoking status. Heterogeneity 
of the cell specific risk ratios is demonstrated tiling the Mantel-Haensiel 
extended test for trend, when the data are stratified by the wife’s age. The 
lack of fit of the multiplicative model contra-indicates the use of a Mantel- 
Haenszel summary statistic. It is likely that age at entry is confounded with 
calendar period increases in lung cancer mortality in nonsmoking women. 


INTRODUCTION 


Hirayama reports (2) on a longitudinal record linkage study of married 
women who* in 1965, were reported to be nonsmokers. Deaths in the period 
1966 to 1981 were linked to a questionnaire given in 1965. In this manner, 
the cause of death in those women who had died by 1961 was linked to the 
initial interview in 1965 of both husband and wife to produce the results re¬ 
ported (2). His paper presents the mortality experience of nonsmoking wives 
by selected causes of death cross-classified by husband’s smoking status, hus¬ 
band’s drinking status, husband’s occupation, green and yellow vegetables 
daily and husband’s age. Here, we restrict our attention to Tables 1 & 2 of 
(2) in order to focus on the effect of standardizing by husband's age rather 
than by the wife’s age when studying the association between these women’s 
lung cancer deaths and their husbands’ smoking status. 


An earlier paper (l), based on a standard Poisson regression and using 
the conventional 5% level of significance, indicates, on the basis of these 
published tables, that 
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• husband’s smoking is marginally associated with wife’s lung cancer 
mortality, the size of the effect being of borderline statistical signif¬ 
icance and dependent on the presence or abience of other factor* in 
the model and the classification of the husband 1 * raoking at entry. 

• that husband 1 * drinking habit show* no significant association with his 
wife’s lung cancer mortality, 

• that daily intake of green/yellow vegetables shows no significant asso¬ 
ciation with lung cancer mortality. 

In contrast, it is concluded in (2) that there is 'a significantly increased 
risk of 1 lung cancer mortality, 'in relation to the extent of the husband’s 
smoking... The association was significant when observed by age of husbands 
.. and also by age of wive*.’ 

Tables 1 and 2 of (2) give different tabulation* of the 16 years lung 
cancer mortality in these nonsmoking wives. Table 1 gives the lung cancer 
death rates by five levels of husband’s smoking at entry (Non, Ex, 1-14/d, 
15-19/d, 20-K/d). Table 2 collapses this to Non, Ex. or 1-19/day, 204/day, 
here called Non, Light and Heavy ETS exposure. Table 1 further stratifies 
the wives 1 lung cancer death rates by the husband 1 * age at entry whereas 
Table 2 stratifies by the wife 1 * age at entry, (Since it i* the usual practice to 
adjust for the lubject’s age rather than her husband 1 *, it if remarkable that 
thii is the only occasion in which Dr Hirayama has adjusted wife’s mortality 
by her own age rather than that of her husband'*). 

Exhibit 1 summarizes a ‘power’ model analysis of Tables 1 and 2. The 
power transform finds the best model within a family of loglinear models 
which include the multiplicative and additive models. Exhibit 1 shows the 
residual deviance after fitting the factors for age and ETS exposure to Tables 
1 and 2 of (2). Table 1 shows little discrimination among models, all giving 
good fits. Table 2, in contrast, shows that the additive model fits better 
than the multiplicative model. Indeed, the best fitting power model has 
a power of p = 1.14 which is beyond the additive for which p = 1.0. (The 
multiplicative model in turn corresponds to a p = 0). However, all models of 
Table 1 are better fitting than the best fitting model for Table 2, suggesting 
that further stratification in five year groups may be necessary to adjust for 
age or that other covariates may be important. 
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Exhibit 1 


Deviance* (df) for additive, multiplicative and be*t fitting power model* 



r ■ : * -v. v. - j 


MODEL 

TABLE ADDITIVE POWER MULTIPLICATIVE 
Table 1 3.79 (12) 2.76 (12) 3.24(12) 

Table 2 7.91 ( 6) 7.85 ( 6) 10.72 ( 6) 


Model is 1+ Husband’* Age(4)+ ETS(5) for Table 1 
. 14- Wife’* Age(4)4- ETS(3) for Table 2 

Outcome analysed is cumulative Lung Cancer Death Rate (1966*1981) 

The additive model provided a superior fit when wife’* age i* used to 
stratify as in Table 2. This means that risk ratio* for ETS exposure change 
with age at entry. The additive model assumes that a constant excess risk is 
added to the age dependent death rate from lung cancer. Thus, the substi¬ 
tution of husband’s age for wife’s age changes the underlying model from the 
multiplicative to the additive and the appropriate summary statistic from a 
risk ratio to an excess risk. 

The analysis given by (1) of (2) was that recommended by Breslow & 
Day (3) for cohort studies. Dr Hirayama, however, presents his results in 
terms of the older and more limited Mantel-Haenszel statistics. Here, we 
follow (2) in presenting a 'classical’ analysis of his results in order to show 
what Dr Hirayama might have reported with the techniques available to him 
at that time, if the data had been stratified by the subject’s age at entry 
rather than by spousal age. 


RESULTS 


Hirayama’» analysis treats Table 2 as a 2x4x3 contingency table where 
wives are classified as either having died from lung cancer or not, and are 
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then farther tabulated in 4 ten year age group! by wife 1 ! age in 1965 and by 
3 levels of husband V cigarette smoking (aa reported in 1965). 

He analyres Table 2 by comparing the base line exposure in each age 
group, Non with Light and Non with Heavy ETS expoauret. In other words, 
Hirayama treat! Table 2 as though it were two 2x2x4 tables. 

He then present* point estimates of the summary risk ratio Tot Table 
2, and tests for the significance of the weighted risk ratio but omits tests 
for the homogeneity of the age-specific risk ratios which form his Mantel- 
Haensiel estimate. (A significant test of homogeneity indicates that the 
use of the weighted estimate is contra-indicated in that the age-specific risk 
ratios differ significantly). 

Here, we collapse the five ETS levels in Table 1 to Non, Light and Heavy 
in order to have a similar configuration to Table 2. Now the only difference 
between (collapsed) Table 1 and Table 2 is the use of husband's age in Table 
1 and the the use of wife’s age in Table 2. 

Exhibit 2 


Table 1 Lung Cancer Risk Ratio (1966-1981) 


HUSBAND’S SMOKING 




Non v* Light 

Non vs Heavy 

Non vs Exposed 


40-49 

1.55 

2.32 

1.87 

HUSBAND’S 

50-59 

1.54 

1.90 

1.68 

AGE AT 

60-69 

1.53 

1.96 

1.64 

ENTRY 

70-79 

0.71 

0.67 

0.70 

X^rend 

df=l 

0.34 

5.6 

0.71 

V 3 

Aoemmon ^ 

df=3 

1.39 

1.13 

2.03 

^MN — 1 

df=l 

3.16 

8.53 

5.70 

V'Mfl 


1.43 

1.90 

1.57 


Using the classical Mantel-Haensiel methodology for stratified data, the 
results of the power modelling on Table 1 were confirmed. Thus, see Exhibit 
2, stratification by husband’s age and the three levels of ETS exposure (Non, 
Ex. or 1-19/dky , 20+/day, called Non, Light and Heavy here, yielded 
risk ratios that were reasonably constant across age strata. Testing the 
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husband’s smoking status is statistically significant (/> < .05) at all exposure 
level*. This indicates a true decrease in the risk ratios with increasing wife’s 
age. Indeed, the statistical significance or P value of the trend over wife’s 
age is of the same order as the trend for a * dose response” relationship 
between the lung cancer death rate and the husband’s smoking status. 

These results compare favorably with the results from the more general 
power analysis. This underscores the need, when doing the classical Mantel- 
Haensrel analysis, to first test the assumption of a common risk ratio before 
proceeding to use the Mantel-Haensrel summary estimate. If the assumption 
of a common risk ratio is untenable, it is wiong to proceed to calculate and 
test the significance of a global estimate. “In this situation, it is more 
important to try to understand and describe the sources of variation in the 
relative risk than simply to provide a summary measure” (4, p.138) 

Our conclusion, presented at Tokyo, was that the multiplicative modeli 
which is implicit in the use of the risk ratio is contra-indicated. The relation¬ 
ship between ETS exposure and lung cancer mortality was demonstrated in 
these data as best described by the additive modfcl. This leads to ‘excess 
risk’ as the appropriate summary statistic. 

The lack of fit of the multiplicative model may be seen directly from 
an examination of the risk ratios by age group. Under the multiplicative 
model, the risk ratio is assumed to be constant over age, apart from random 
sampling error. Exhibit 3 shows that the risk ratio falls dramatically with 
age for Non vs Light, Non vs Heavy and Non vs Exposed. It is unexpected to 
find such a radical shift in the underlying model, given the stated equivalence 
in the age structures of husband and wife. 

DISCUSSION 

The Mantel-Haensrel analysis used in (2) implicitly assumes a multi¬ 
plicative model. This, in turn, is based on the assumption that the risk 
ratio for ETS exposure and lung cancer mortality in nonsmoking wives is 
relatively constant over a 40 year age range in the cohort and over the 16 
years of follow-up. This assumption could have been tested in (2) on Table 
2 with the techniques available at that time. Here, in our analyses, both the 
Mantel-Haensrel tests for trend and the commonly used test of homogeneity 
over strata (4), show a dear indication that the multiplicative model does 
not hold when the wife’s age is used to stratify her cumulative lung cancer 
mortality covering 16 years. 
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Age at entry effect* encompass both chronological age and cohort differ¬ 
ences. In the light of the current finding that the risk ratio fall* with age at 
entry, it is also likely that 1 risk ratios would be found to fall with calendar 
time. 

If tests for a common risk ratio by wife’s age at entry had not been 
statistically significant, then Dr Hirayama’s substitution of husband's age for 
wife’s age would have had few implications. But since this switch has been 
shown to change the underlying statistical model and summary statistic, it 
is dear that husband’s age cannot be use as a proxy for wife’s age. There 
is indeed no good reason to do so as wife’s age was recorded along with 
husband’s age at entry to the study in 1965. Since Table 2 is the only 
occasion on which the wife’s age is given, we cannot investigate possible 
interactions of wife’s age with other covariates used by Dr Hirayama in this 
study. Other causes of death in women are also stratified by husband’s 
age. Thus, we are unable to verify whether the current anomaly exists fox 
other causes of death. It is therefore unknown whether husband’s age is 
a satisfactory surrogate for wife’s age in any of those papers by Hirayama 
which deal with female mortality 

Lung cancer mortality in these nonsmoking wives has been shown to be 
low compared with the Japanese population (I). This may be true of all 
female mortality results from this study. 

It has been pointed out (i) that stratification by age into 4 ten year age 
groups may result in substantial residual confounding. Whether stratifica¬ 
tion was based on husband^ or wife’s age is irrelevant, since, when “the 
stratification is too coarse, ... some confounding may remain” (4, p.99) r 
How much of the interaction identified im Exhibit 3 using wife’s age might 
be attributable to an inadequate control of age is unknown. Further, as a 
consequence of the poor fit of the multiplicative model in that analysis.age 
and calendar time interaction cannot be ruled out as contributing to a pen 
tentially spurious association between lung cancer mortality and ETSi We 
affirm B res low k Day’s suggestion (3) that five year age groups be used and, 
that “for a long study, it is appropriate to partition the time axis into sev¬ 
eral intervals" (4, p.201). A true cohort study would report the duration of 
ETS as well as the (presumed) daily exposure and would use each subject ’s 
person-years of follow-up as the denominator in rate calculations and risk 
analysis. From Dr Hirayama’s written descriptions of his study, such infor¬ 
mation is in his files or is available by linking a couple's initial questionnaire 
and death certificates. 
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SUMMARY k CONCLUSIONS 


With the exception of Table 2 of (2), husbands age has been used to 
adjust for wife’* mortality in a large and often quoted record linkage study in 
Japan 1966-1981. Our analysis shows that husband’s age is not a surrogate 
for wife’s age, in spite of its common use as such by Dr Hirayama. Since 
age at entry is confounded with cohort effects, it is also likely further that 
interactions occur between age and calendar period and between age and 
other covariates not represented in the model. 

As a consequence of this finding, our conclusion is that the results of 
Hiray&ma’s large study on ETS and lung cancer should not be pooled with 
other ETS/lung cancer studies to form a global estimate of relative risk. The 
relevance of this Japanese study’s findings to public policy is questioned in 
the absence of more detailed information on exposure and follow-up, and 
more extensive analysis of the data at the level of the individual subject. 
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INTRODUCTION 

There is now an extensive literature on environ mental tobacco smoke (ETS). Several meta- 
analyses of this literature have combined risk estimates for lung cancer from different studies 
weighted by the quality and size of the study. Thus, in their meta-analysis, Leizel et al. 
(1986) give various scenarios which use different figures from Hiravama’s study, depending 
on whether the husband's or wife's age was used to adjust the wife’s cumulative mortality. 
Since Hirayama's study constitutes about 205c of all lung cancer deaths in the ETS literature, 
it is important to use the correct relative risk from Hirayama in constructing global esti¬ 
mates. Here, it is shown that a proper analysis of Hiravama’s study leads to a non-significant 
association between ETS and the risk of death from Jung cancer in non-smoking wives. 

Hirayama (1981) reports an age standardised risk ratio of 1.90 for lung cancer among 
non-smoking women married to heavy smokers and finds a highly significant trend (P < 
0.001) betwren the amount smoked by husbands and thr lung cancer mortality of their non¬ 
smoking wives. He also interprets this association as arising from a causal relationship between 
husband V smoking and wife's lung cancer: 

These results indicate the possible importance of passive or indirect smoking as 
one of the causal factors of lung cancer. 

(Hirayama, 1981) 


THE STUDY 

Dr. Hirayama’s study links deaths from all causes occurring in the period 1966 -1981 to 
a questionnaire given in late 1965 to approximately 250.000 Japanese adults. Altnost all 
those over age 40 in 29 Health Center Districts in 6 Japanese prefect ures who were ‘generally 
healthy’ (Hirayama, 1978) were interviewed. At that time, each respondent was asked for his 
or her current smoking status. Although not originally designed as a study of the association 
between passive smoking and health, Dr. Hirayama subsequently linked the mortality of wives 
who were classified as non-smokers with their husband's smoking status and, if he was a 
smoker, with the amount smoked. 

Hirayama’s smoking classification is based on only one question at the time of ihr survey 
as to whether the respondent smoked; and. if so. smoked daily. The respondent was also asked 
whether he/she smoked occasionally, was an exsmokrr. a non-smoker or an ‘obscure’ smoker. 
The age at which smoking started was recorded where appropriate. Husband’s smoking status 
in 1965 was treated as an index of wife's ETS rxposure. No direct measure of ETS exposure 
was made. In the following. ETS refers to this surrogate for passive smoking, i.e. the self- 
reported classification of a husband's smoking in 1965 when his wife was reported to be a 
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non-smoker. In Hirayama's 1981 paper there was: some ambiguity as to how he had treated 
the data. The estimates made by Hirayama of thr association of ETS and Jung cancer lead 
him to conclude: 

The relation between the husband's smoking and the wife’s risk of developing 
lung cancer showed a similar pattern when analysed by age and occupation of the 
husband. (Hirayama 1981) 

In response to his 1981 paper, a number of methodological questions were raised. In 
particular, Hirayama s use of the husband’s age to adjust the wife's mortality was questioned. 

It is also not clear ... whether you standardised on thr age of the wives themselves. 

Such calculations ... would certainly make the analysis more conclusive. (Harris 
L DuMouchel. 1981) 

Some years later, Hirayama responded to this criticism by analysing the wife’s lung cancer 
mortality adjusted by the wife's age. In Hirayama {1984} the relative risk of 1.9: reported 
earlier, for non-smoking wives married to ‘heavy’ cigarette smokers drops to 1.7 when adjusted 
by wife’s age. He concludes: 

There was a statistically significant increased risk [pf lung cancer among non¬ 
smoking wives] in relation to the extent of the husband’s smoking ... the association 
was significant when observed by age of husbands (table 1) and also by age of wives 
(table 2). (Hirayama. 1984 p.179) ^ 

THE DATA 

Hirayama (1984) gives the lung cancer death rates in the period 1966-1981 for 91.540 
self-reported non-smoking wives cross-classified by husband's smoking and by husband's age 
(Tabic 1) or wife's age (Table 2). In both tables, age is given in four 10 year age groups. Table 
1 gives husband's smoking classified into 5 levels by the amount smoked daily. 

TABLE I 

LUNG CANCER DEATH RATES per 1000 (1966-1981) 
from Hirayama (1984) 

HUSBAND’S SMOKING 




Non 

Ex 

1 - 14/d 

15 - 19-rf 

20 4 , 


40-49 ‘ 

0.6 

0.8 

0.9 

1.2 

1.5 

HUSBAND’S 

50-59 

1.3 

1.6 

2.1 

2.0 

2.4 

AGE 

60-69 

2.5 

4.1 

3.9 

3.6 

4.9 


70-79 

6.6 

5.7 

3.3 

9.5 

4.4 


In order to make direct comparisons between the effect of adjusting by husband’s or wife's 
age. Table 1 is collapsed to Table 1A. using the same grouping for husband’s smoking as in 
Table 2, here called Non, Light and Heavy. 
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TABLE ]A 

LUNG CANCER DEATH RATES per 3000 (1966-1983) AND SAMPLE SIZE n (000) 
adapted from Hiravama (1984) Table 1 

Husband 1 * smoking 

Husband’s Non_Light_Heavy 


Age 

Rale 

n 

Rale 

n 

Rale 

n 

40^49 

0.6 

6.2 

1.0 

15.0 

3.5 

10.6 

50^59 

1.3 

7.8 

2.0 

15.6 

2.4 

9.8 

60-69 

2.5 

7.1 

3 9 

12.4 

4.9 

4.7 

70-79 

6.6 

0.8 

4.7 

1.1 

4.4 

0.2 


TABLE 2 

LUNG CANCER DEATH RATES per 1000 (1966-1981) AND SAMPLE SIZE n (000)i 
from Hiravama (1964) 

Husband’s smoking 

Wife’s Non_Light_Heavy 


Age 

Rate 

n 

Rate 

n 

Rate 

n 

40-49 

0.5 

7.9 

1.2 

17.5 

1.7 

12.6 

50-59 

1.8 

7.6 

2.9 

35.6 

3.5 

8.8 

60-69 

2.6 

6.2 

3:0 

30.4 

2.6 

3.8 

70-79 

17.4 

0.2 

1.5 

07 

8.4 

0i2 


Note that ,, in this paper, Tab)* 3 A and Table 2 of Hiravama (1984) are both 4 by 3 
contingency tables, based on the mortality experience of the same 91,540 women. 

MODELLING 

The analysis of Table 1A and 2 is usually done using a fixed effects loglinear or logistic 
model (Breslow A' Day 3986). These in turn are viewed as particular examples of a generalized 
linear model which may be misspecified in three wavs 

• the linear predictor may be incomplete or incorrect and or 

• the wrong link may be used and /or 

• the wrong error structure may be assumed. 

In epidemiological investigations, the linear predictor is often incomplete in that important 
covariates are omitted or measured from the wrong origin or in the wrong scale. Such is likely 
to be the case here in that no allowance is made for diet, for cohort or period effects or for 
the duration and amount of ETS exposure, either before ot after 1965. 

As its name implies the loglinear model uses a linear predictor to fit the logarithm of the 
cumulative mortality rates. Here it is shown that a model allowing for extra-Poisson variation 
is necessary and that this model leads to a non-significant effect for ETS in Table 2. 

The usual regression model relating interval or measurablr quantities such as height and 
weight, assumes a normal distribution of errors about the regression line. By contrast, the 
loglinear model assumes a Poisson distribution of errors between the observed and fitted 
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log(rates). The Poisson distribution, in turn; implirs 1 hat the mean of the distribution equals 
the variance or dispersion of the distribution. In other words, the usual model for mortality 
rates estimates only the mean. Recently, this assumption has been called into question. 

Techniques like regression analysis .... have traditionally focussed attention on mod¬ 
elling and analysis of means or location parameters. Scale parameters have been 
regarded as nuisance parameters; interest in them has been largely limited to test¬ 
ing the equality of variances so that techniques that assume variance homogeneity- 
can be applied. Recently, however, there has been more interest among statisti¬ 
cians in the structural modelling of variances and in the estimation of dispersion 
effects. (Anon., the American Statistical Association. 1986) 

In the same year in which i Hi ray a ma published his only tabulation in which wife’s age is 
used (Tablfc 2 of Hirayama, 1963); Breslow (1984) published a method by which an extra term 
c* could be added to the loglinear model to allow for excess variation beyond that assumed by 
a fixed effects model. The model for extra-Poisson variation is shown below to be an extension 
of the loglinear model. 

If d, deaths are observed among n t wives, such that £(d,) = r^A, for different subgroups i. 
then the loglinear model assumes that d, follows a Poisson distribution with mean n, A,, where 
di is related to a linear predictor via a logarithmic link or transformation 

£7n(d,/n,) = r t 8. 

Jn contrast, the extra-Poisson variation model assumes that 

£(</,) = ft, ^ txp'lh(n t ) - x t 3 

where 3 is a column vector of unknown regression parameters and where 

rorfd*) — P 7 fJ 7 . 

The extra-Poisson variance. <r’, is determined by an iterative re-weighting technique (Bres- 
k«w 1964). Note that if there is no over-dispersion, a 1 is estimated as zero. 

RESULTS 

The usual loglinear model fits Table 1A better than Table 2. Conventionally, a good fit is 
one for which the residual deviance is less than the degrees of freedom remaining after fitting 
the linear predictor. The residual deviance after fitting the same linear predictor, age plus 
husband's smoking Ifrvel; is 2.0 in Table 1A and 10.7 in Table 2. Since Table 1A has been 
configured to have the same dimensions as Table 2. both of these deviances may be evaluated 
against 6, the number of degrees of freedom which remain after fitting age and husband’s 
smoking. In summary then, the deviance for Table 1.4 is 2.0 with 6 d.f. as compared with a 
deviance of 10.7 with 6 d.f. for Table 2. 

This is paradoxical. Why should the use of the wife’s age give a worse fit than the husband’s 
age when modelling the wife's lung cancer mortality? Since this is contrary to our expectation^ 
it suggests that the model is incorrect in one or more of the three categories listed above: 
incorrect linear predictor, link or error structure. 

To allow for the possibility of over-dispersion, Table 1A and Table 2 have been analyzed 
using the extra-Poisson loglinear model. tr } is estimated as aero in Table 1.4 and as 0.23 
in Table 2: An approximate test for the significance of this estimated over-dispersion is to 
compare the square root of the reduction in deviance after fitting tr* with a one-sided Norma) 
distribution. Such a test has an associated probability of 0.015. There is thus some support for 
the use of this model (and its conclusions) in preference to the fixed effects model. Moreover. 
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It it not necessary that a be significant in order to stay in the model. Often the 
dita are suggestive a priori of excess variation and a prudeDt analysis will account 
for it even if not significant. (Mauritsen, 1988) 
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TABLE 3 

EFFECT OF MODEL CHOICE ON P VALUES FOR ETS AS A FACTOR OR A TREND 


MODEL 

LOGLINEAR 

EXTRA-POISSON 


FACTOR 

.01 

.01 

TABLE 1A 


TREND 

.003 

.003 


FACTOR 

.05 

.63 

TABLE 2 


TREND 

.02 

.37 


Table 3 shows that this change of model has no effect in Table 2 in which husband's age 
is used: ETS is statistically significant, both as a factor (P - 0.01) and as a trend (J* = .003) 
in Table 1 A. Nevertheless, the change of model has a marked effect in Table 2 in which the 
wife's age is used. The ETS factor in Table 2 which is barely significant (P = 0.05) under 
the loglinear model is clearly not significant under the extra*Poisson model (P = 0.63). It 
is inappropriate lo test for a trend before the factor has been shown to be significant, in the 
absence of a prior hypothesis fur trend. However, here, following Dr. Hirayama. the trend of 
the relative risk against the level of ETS is tested: The ETS tTend of log (relative risks) with 
husband's smoking (non. light and heavy) which was just significant (P - 0.02) is now, under *9 

the model for extra Poisson variation, not a significant trend (P = 0.3T). 

TABLE 4 

EFFECT OF MODEL CHOICE ON 95% CONFIDENCE LEVELS FOR ETS RELATIVE 
RISKS 


MODEL 

LOGLINEAR 

EXTRA-POISSON 


LIGHT 

0.96-2.06 

0.98-2.08 

TABLE 1A 

HEAVY 

1.24-2.81 

1.24-2.811 


LIGHT 

0.92-1.97 

0.49-2.51 

TABLE 2 

HEAVY 

1.10-2.48 

0.64-3.41 


An alternative way of showing the effect of making the model more general is to display 
the 95% confidence limits for specific levels of ETS exposure. As is seen in Table 4, the model 
choice has no effect on 95% confidence limits in Table 1A, being 0.98 - 2.06 for the Light vs 
Non relative risk and 1.24 - 2.81 for the Heavy vs Non relative risk. The choice of model 
however does affect the 95% confidence limits in Table 2. Here, the Light vs Non relative risk 
changes from 0.92 - 1 97 to 0.49 - 2.51, neither of which are statistically significant, since 
both contain the non-effect level of 1.0. The Heavy vs Non relative risk in Table 2 changes 
from 1.10 - 2.46 to 0.64 - 3.41, so that the interpretation of this association also changes 
from statistically significant to nonsignificant. Thus, even when the husband reports smoking 
20- cigarettes daily, the non smoking wife shows no significantly increased risk from passive 
smoking. 


i 
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TABLE 5 


EFFECT OF MODEL CHOICE ON 95% CONFIDENCE LIMITS FOR ESTIMATES OF 
ETSTRENDS 


MODEL 

LOG LINEAR 

EXTRA POISSON 

TABLE 1A 

TREND 

1.11-1.66 

1.11-1.66 

TABLE 2 

TREND 

1.05-1.56 

0.80-1.87 


A* shown in Table 5, the 95% confidence limits are consistent with the P values for trrnd 
given above. No change is observed in the 95% confidence limits. 1.11 - 1.66, for the trend 
relative risk in Table l'A. The previously significant trend in Table 2. with 95% confidence 
limits of 1.05 - 1.56, becomes non significant with limits of 0.80 - 1.87. 

DISCUSSION 

Hirayama’s analysis assumes that the risk of a Jung cancer death is ronstant within each 
of the twelve age/exposure sub-groups of Table 2 over the period 1966-1981 and yet: 

Environmental variables are ... difficult to quantify since individual histories vary 
widely with respect to the onset, duration and intensity of exposure and whether 
it was continuous or intermittent. (Breslow A* Day 1980) 

U nforlunalely. the danger u? using a fixed effects modeliwhen unwarranted is that the error 
term is underestimated! 

Tests of significance and confidence intervals that fail to account for the lack of fit 
of a given model may be seriously misleading (Breslow 1967) 

Such is the case here. Dr Hirayama's use of a fixed effects model which gives a poor fit has 
resulted in his reporting a spuriously significant result. Fitting a more general mode) confirms 
that extra-Poisson variation is present in Table 2 (where the wife's age is used) though not in 
Table llY (where the husband's age is used instead). 

The finding of excess dispersion in this longitudinal record linkage study is likely to be due 
to the omission of period and cohort effects from the model. Osmond A* Gardner (1989) have 
shown i that 

\\ hen the assumptions [in the model are inappropriate, as is usually the case, 
misleading results will occur. 

The period 196&1981 saw an increasing U6e of cigarettes in Japan (Kristen 1986) and an 
increasing mortality from lung cancer in women so that it is unlikely that the association^^ 
between ETS and lung cancer remained constant over this 16 year period, as is assumed JO 
Hirayama s analysis. W 

The non-independence of observations within subgroups effectively reduces the samplfcCJ 
siae, increases the variance and widens the 95% confidence limits for the relative risk of ETSCJl 
This is illustrated by the fit of a (node) allowing extra-Poisson variation, since now the 95/^"^ 
confidence limits include l.Ol In other words, with this model. ETS is no longer significant 
associated with lung cancer mortality in non-smoking wives. 

N 

00 
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No change is observed, however, afttT filling the more genera] model to Table 1 A. ETS is, 
still significantly associated with femalfc lung cancer mortality. This is interpreted as being 
» due to the substitution of husband’s age for wife's age. Thus, white the linear predictor used in 

Table 2 ( Wife's Age - Husband s Smoking ) demonstrates the absence of period and cohort 
; terms through the need to estimate an extra * Poisson variance component, the linear predictor 

used in Table 1A ( Husband's Age - Husbands Smoking ) does not. Rather a model which 
uses Husband's Age is seen as mimicking a model which includes 
| ( Wife's Age -r Husband’s Smoking -t, Wife's Cohort -*• Period Effects ). 

Recent research supports this interpretation. Logue k Wing (1986) show that record 
linkage studies which use rates cumulated over 20 years can produce just the effect reportrd 
here, an age'exposure interaction. I'nder these circumstances, the significance of ETS in 
{ Table 1A should n oi be interpreted as indicating a causal relationship but simply that the 

j husband's age. together with husband's smoking status, are proxies for other important but 

I unnamed determinants of an observational study over lime. 


SUMMARY and CONCLUSIONS 

If the wife's mortality from lung cancer is adjusted bv the husband’s age, the loglinear 
model gives a good fit and husband’s smoking has a significant association with lung cancer 
mortality in non smoking wives. It is. however, better to adjust by a person’s own age. A 
consequence of using the wrife’s age to adjust the wife’s mortality from lung cancer is that 
a loglinear model with extra-Poisson variation is required^ With this model! the risk factor, 
‘husband’s smoking’, is not statistically significant, indicating no increased risk of lung cancer 
mortality in non-smoking wives of smoking husbands. 

Because of this finding, it is important to use the correct analysis of Hirayama's study 
in future meia-anal>ses of published ETS siudirs in order to get a gk»bal! estimate of the 
association of spousal smoking w ith lung cancer death rates in non-smokers. Such an analysis 
should incorporate the wife’s age when the wife’s lung cancer mortality is .analyzed.. 
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Model Specification Effects in ETS/Nutrition Research 

S. J. Kilpatrick 


Summary 

In Hirayama’s study the average annual death rate for wives aged 60-69 from lung cancer 
is 18 per 100,000 as compared with 39 for ail Japanese women (Exhibit 9). Also; wives 
aged 50^-59 have the same lung cancer death rate as wives aged 60-69 (i.e., no age trend). 
These results may arise from the 23% of the cohort which is missing. 

These anomalies are obscured in Hirayama (1984) by the use, in all but one table 
(Tablfc 2), of husband’s age rather than the wife’s age. 

Using wife’s age to analyze wife’s mortality leads to an additive model for lung cancer. 
The use of the relative risk is thus contra-indicated. 

The weak association of husband’s smoking status with wife’s lung cancer mortality is 
probably a consequence of incomplete age adjustment when coarse age groups of 10 
years are used over a 16-year period. Suggestions are made for further analyses using 
ungroupcd information. 

The effect of daily intake of green and yellow vegetables on lung cancer is also 
reanalyzed. A standard analysis of these data leads to different results than those given by 
Hirayama (1984). 

Public examination of these data is called for to yield independent answers to the 
questions raised here. 


Introduction 

Hirayama (1984) reports on a longitudinal record linkage study of married women who, 
in 1965, were reported to be non-smokers. Interviews using form 1 (see Exhibit 1) were 
carried out October through December 1965 of persons 40 years and above in 49 districts 
in 29 health center districts in Japam In 1971, a 3% sample of those subjects were re- 
interviewed (Hirayama 1982) using form 2 (Exhibit 2). Form 2 is form 1 with additional 
questions on current health status and illnesses in the past five years. A second follow up 
was apparently done between'1971 and 1983 since Hirayama (1984) refers to a recent 
study of 410 males and 158 females in Aichi province. Apart from these, no monitoring of 
the population was carried out apart from linking deaths in the period 1966 to 1981 to the 
original questionnaire (Exhibit 1). 

The cause of death in those women who had died by 1981 was linked to the initial 
interview in 1965 of both husband and wife. In the sequel it is important to note that date 
of birth, age of first marriage, age started smoking and date of death are recorded. 
Linkage of a married couple’s original responses to the wife’s death certificate can 
therefore yield the woman’s precise age at entry. Likewise, for a non-smoking wife, the 
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Model Specification Effects in ETS/Nutrition Research 257 
Exhibit 1 


I Korin J Initial lurvey 


Health Questionnaire 


Nbme of Prefecture Health Center 

Diiinrt o>dt 

| Household code 

^Individual code 

Nome 


M 

| Date of birth 





l( year month 

day) 



F 

( 1. Single 2. Married 

3 Divorced 4 . Widowed 

Addhess 

Piece of birtl^ 

Prefecture 


City | Occupation (in detail) 



N Umber of 


(Length of breast feeding 

{ Age at first marriage 

For women j 

children 


after lost delivery 

1 




month(*) 

J_ 


A nnmnetis 


| Eating 

Rice/ Wheat 

Amount/day Frequency 

HabiU 

Meal 

1. Daily 2. Ocen* 3. Rare 4 . None S. Obscure 


Kish and 
shelf fish 

] Daily 2 Occoi 3. Rare 4 . None 5. Obscure 


Milk and 
goat milk 

1. Daily( amount) 2. Occn* 3. Rare 4 . None S. Obscure 


Green- yelhwv 
vegetable* 

1. DarJv 2. Occn* 3. Rare 4 . None S. Ob»cure 


Picklrs 

I. Every men) 2. Daily 3. Ocra* 4. Rore S. None 6 Ob*cnrr 


Soybean 
pottr soup 

1. Daily 2. Ocen* 3. Rare 4. Nbne 5 Obscure 

Favorite* 

Smoking 

L Smoking daily (a) Cigarette No./day (b) Kiiano (ir) Other* 

2. Orcn* 3. Ex. 4. Nbne 5. Obscure 

i 


Age started ( ) 


A Icohol 

1. Daily 2. Occns 3. Rare 4. None 5. Ob*cure 

Type (1) Sake (2) Shochu <3) Beer (4) Whisky (5) Others 
(6) Obscure 


Green ten 

]. Very hot 2. Moderate 3. None 4. Obscure 


t 

t 

i 


i 

f> 

fc 

I. 


age at which the husband started smoking and the date of the marriage can yield the 
duration of exposure to husband’s cigarette smoke at the first interview. 

The data from this study as presented by Hirayama (1984) has been summarized in 10 
tables for non-smoking wives. Exhibit 3 lists these tables and shows by table number the 
cause of death and the factors by which the cause of specific death rates are classified. The 
levels of a given factor are given in parentheses. Note that Table 5 is a collapsed form of 
Table 6 or of Table 10 and Table 7(1) of Table 7(2). Note that Table 9 is Table 8 omitting 
non-smoking husbands. Only one Table, Table 2, gives wife’s age group. The relationship 
of wife’s age group to her daily intake of green/yellow vegetables is not given, nor of 
wife’s age group to husband’s age group, husband’s drinking habit or husband’s 
occupational group. 


Poisson Regression 

The following gives the standard analysis of the tables published in Hirayama (1984). 
Since Tables 5,7(1) and 9 are all collapsed versions of other Tables, they are omitted from 
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Exhibit 2 


Form 2 Second survey 

Health Questionnaire Nhme of Prefecture Health Center 


District code 


[ Household code 


| lndividual code 


Name 


(M 

[ Date of birth 




If 

|( year month 

day) 




(J 1 . Single 2. Married' 

3. Divorced 4. Widowed 

Address 

Place of birt 

Prefecture 


City | Occupation (in detail) 



For women 

| (Number of 

1 children 


Length of breast feeding 
after last delivery 

month(k) 

Age at first marriage 

Anamnesis 





Eating 

Rice/Wheat 

Amount/day Frequency 


Hkbits 

Meat 

1. Daily 2. Occas 3. Rare 4. None 5. Obscure j 


Fish and 
shell fish 


1. Daily 2. Occai 3. Rare 4. None S. Obscure 


Milk and 
goat milk 


Green-yellow 
vegetables 


1. Daily( amount) 2. Oceas 3. Rare 4. None S. Obscure 


Pickles 


1. Daily 2. Occai 3. Rare 4. None &. Obscure _ 

1'. Every meal 2- Daily 3. Occas 4. Rare S. Nbne 6. Obscure 


Soybean 
paste soup 


Favorites 


1. Daily 2. Occai 3. Rare 4. Nbne 5. Obscure _ 

Smoking 1. Smoking daily (a) Cigarette No./day (b) Kisami (c) Others 

2 . Occas 3. Ex. 4. Nbne S. Obscure 

_ Age started ( _ ) __ 

Alcohol 1, Daily 2 Occas 3. Rare 4. None 5. Obscure 

Type (I) Sake (2) Shochu (3) Beer (4) Whisky (5) Others 
(6) Obscure 


Green lea 


1. Very hot 2. Moderate 3. None 4. Obscure 
Others (I. Tea 2. Coffee 3, Cola 4.. Cidri) 


Current 

Health 

Status 

(danger' 

signals) 


1. Stomach trouble j indigestion, no appetite, change in food 
choice. 

2. Vaginal discharge, irregular bleeding. 3. Lump in the breast 
4. Difficulty in s«alUwing. 5- Blood or mucot in stool. 

6. Continued cough, bloody sputum, hoarseness. 

7. Chronic ulcer m the mouth/skin. 

8. Difficulty in urination, blood in urin. 9. Irritation/uneasiness 
10. Difficulty in sleeping. Ill Heart trouble. 


Current lv 

1. Healthy 2 In bed (by ) from when; 

Major illness 

name of illneft time duration. 

during past S 

1) 

yenrs 

2) 

Health 

1 none 2 yes 

CKrcl. 

(stomach X »ay ehrst X rov blood pressioii ot hers J 


analysis. Note that, because of different groupings of husband’s occupational! group, 
Table 3 cannot be derived from Table 8, nor Table 6 from Table 10. Indeed, since person 
years are not given, the study appears to call for a Proportional Mortality Analysis of 
lung cancer, other cancer and ischemic heart disease mortality in non-smoking wives, 
cross-classified by wife’s age group (4) X husband’s age group (4)iX husband’s smoking 
classification (5) X husband’s drinking habit (4) X husband’s occupational group (10) X 
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Exhibit 3 



Tables as 

presented in Hirayama(l984) 

TABLE 

OUTCOME 

FACTORS* 

1 

LCD 

HAGE(4) x HC)G(5) 

2 

LCD' 

WAGE(4) x HC1G(3) 

3 

LCD 

HAGE(4) x HC1G(3) x HOCC(IO) 

4 

LCD 

HAGE(4) i HALC(A) 

5 

IHD 2 

HAGE(4) x HCIG(3) 

6 

IHD 

HAGE(4) x HCJG(3) x HOCC(lO) 

7(1) 

OTBCA 3 

HAGE(4) x HC)G(3) 

7(2) 

OTI1CA 

HAGE(4) x HCIG(3) x HOCC(IO) 

8 

LCD 

HAGE(4) x HC1G(3) x HOCG(2) x GYV(2) 

9 

LCD 

11AGE(4) x HC1G(2) x HOCG(2) x GYV(2) 

10 

IHD 

HAGE(4) x HCIG(3) x HOCC(2) x GYV(2) 


1 LCD.lung cancer death* 

2 heart disease deaths 

3 cancer deaths 

*Fact6rs: 

HAGE husband’s age group 

WAGE wife's age group 

HOG husband’s daily smoking habit 

HALC husband's daily alcohol inlake 

HOCC husband’s occupational group 

G YV wife's daily intake of green it yellow vegetables 

Levels: In a factor XXX(n), n is the number of levels of factor XXX. in the specified table 


wife’s daily intake ofgreen/yellow vegetables (2). Parenthetically there is no reason today 
why, with modern computing techniques this basic tabulation should not have been 
analysed directly, instead of piecemeal as reported. Unfortunately the basic data is not 
available to the author (Hirayama, personal communication). 

The analysis which follows is that recommended by Breslow & Day (1986) for cohort 
studies. In the absence of person years, the cumulative mortality rate over the period 
1966-1981 is used as the response variate. (This assumes no “competing” causes of death 
and no loss to follow-up* This rate is not strictly a risk estimate since it depends on the 
duration of the study , the period of the study and on the choice of study population). A 
Poisson error structure is specified with a logarithmic link function which is the default 
for a Poisson error structure in GLIM (Payne 1985). The regressions are weighted 
according to the number of non-smoking wives in each cell. 
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Following Breslow (1987), nuisance variables, irrespective of their technical signifi¬ 
cance, are fitted before the factor of interest, i.e. either husband’s smoking status or green 
and yellow vegetable intake. A factor is considered to have a significant association with 
the specified mortality rate only if the deviance reduction in the model' for the degrees of 
freedom associated with fitting that factor, is significant at the 5% level. (Nbte that Dr. 
Hirayama here uses a one-sided 10% level 1 of significance which is equivalent to a two 
sided test at 20% significance)] Analysis of residuals and regression diagnostics are not 
given here. Rather the mode! fit is evaluated using the approximation of the residual 
deviance and its degrees of freedom to the y} distribution which "may overstate the 
degree of departure from the fitted model when many cells contain small counts” 
(Breslow & Day 1986, p. 137). 


Husbands Age Group, Husbands Drinking Habit and Lung Cancer Mortality 

Age at interview is clearly a powerful factor which must be fitted first: In some tables age 
exhibits a powerful linear trend and can be fitted as a single numeric variable. Where this 
is possible it is done to achieve the most parsimonious model. 

Table 4 gives a cross classification of husband’s age group X husband’s drinking habit 
for lung cancer mortality in non-smoking wives. It is surprising that other "nuisance 
factors” are not included. Nevertheless, this table is analysed first, largely to investigate 
the association of lung cancer mortality with husband’s age group. 

Standard Poisson regression of Table 4 confirms that husband’s age group is an 
important factor in lung cancer mortality (see Exhibit 4)j Husband’s age group exhibits a 
strong linear trend with lung cancer mortality. A log-log plot of lung cancer mortality 
rate vs husband’s age group however gives a slope less than 3 whereas a slope of 4 has 
been reported for nonrsmokers using attained age (Seidman 1985). Husband’s drinking 
habit shows no significant association in this table with lung cancer mortality but no 
adjustment has been made for other nuisance variables. Thus one would expect am 
association between husband’s drinking and smoking habits. 


JETS and Lung Cancer Mortality (Tables 1, 2, 3) 

The only measure of ETS exposure given is husband’s smoking classification, the number 
of cigarettes reported in 1965 as smoked daily by the husband. The standard practice of 
demonstrating that a factor is significant before looking for a trend is followed here. As 
for husband’s age group in Table 4 above, husband’s smoking classification shows a 
strong linear trend in certain tables and is entered as a single numeric variable in the 
interests of parsimony where possible. 

"Typical practice is to consider 5 year intervals of age and time so as to be able to study 
variation in rates” (Breslow & Day 1980, p. 47-48). Hirayama (1984) uses 10 year age 
groups and does not divide the 16 year period. In general, an age classification of 10 years 
at entry in a study lasting 16 years with no time dependent factors may mean that the age 
effect has been incompletely adjusted (Mantel 1983). Thus, for a lung cancer mortality 
rate which rises exponentially with age, it is plausible that the significance of husband’s 
smoking classification is an indication of incomplete age adjustment, given the rapidly 
changing habits of cigarette smoking in the period before 1966 (Kristen 1986). 

Nbte also that duration of ETS exposure is confounded to an unknown extent with 
age at first interview. Thus, in the absence of other information, assume a constant age at 
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Exhibit 4 


Summary of the fit of the bestf multiplicative modell 


OUTCOME 

TABLE 

PREDICTIVE MODEL 

DEVlANCE(df-) 

LCD 

J 

A 

A+HC1G 

13.0 (18) 

3.7 (14) 

LCD 

2 

WAGE 

WAGE+HC1G 

16.8 (8) 

10.7 (6) 

LCD 

3 

A+HOCC+C 

71.9 (108) 

LCD 

4 

A 

15.3 (14) 

1HD 

G 

HAGE+HOCC 

HA G E +! H OCC -+11C1G 

115.1 (106) 

109.6 (104) 

OTHCA 

7(2) 

HAGE+HOCC 

134.7 (106) 

LCD 

8 

A+HOCC+C 

5018 (44) 

IHD 

10 

HAGE+HOCC + HC1G 

50.7 (41) 

Key: 

A it husband's age fitted at a linear trend 

C it husband* daily smoking habit filled at a linear trend 
other factor*, outcomes at defined in Exhibit 3 

[Best in the tente of minimum i residual deviance after fitting all 1 'nuisance* pnrnmetert at 
factors or (if warranted) at trends and then fitting the rxplnnatorv variables, H.CKJ [Tobies 
l, 2, 3, 4, 7(1)1 GYV (Tablet « (l 10)j 


marriage and at starting smoking. In 1965. older non-smoking wives of smoking 
husbands will have been exposed to ETS for a longer period than younger wives. (This 
expectation of an increased relative risk for older wives is not evident from an analysis of 
Table 2 (see Exhibit 7)). Form 1 (Exhibit 1) records the age .at which the husband started 
smoking. Given this and the date of the marriage from a linked wedding certificate, it 
should be possible to estimate the duration of ETS exposure by the non-smoking wife of a 
smoking husband prior to 1966 as well as the wife’s age at first exposure. 
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Tabic I, like Table 4, gives the cross-classification of husband’s age group X 
husband’s smoking status. As shown in Exhibit 4, only husband’s age group is significant 
andexhibits a strong tre nd, as in Table 4. Although husband’s smoking classification is 
not significant, it approaches significance (^ 2 = 9.3 on 4 degrees of freedom* P just greater 
than 5%): 

The effect of re-classifying husband’s smoking classification from 5 levels to 3 levels 
can be seen in Table 3 which also gives a breakdown by 10 occupational groups, HOCC 
(10). Although husband’s occupational group with 9 degrees of freedom is not 
significant, husband’s smoking classification with 3 levels now is. Indeed husband’s 
smoking classification with three levels now exhibits a strong trend (Exhibit 4). 

Table 2 is unique in this publication in that lung cancer mortality is adjusted for wife’s 
age group. Indeed this appears to be the only occasion on which Hirayama has included 
wife’s age group in an analysis in any of his many publications from this study, (We shall 
see that husband’s age group is not a surrogate for wife’s age group.) 

Standard Poisson regression of Table 2 as presented shows (Exhibit 4) that wife’s age 
group, while a significant factor, does not exhibit a trend against lung cancer mortality. 
Again husband’s smoking classification is on the borderline of statistical significance as 
judged by the change in the deviance (x 2 = 6.1 on 2 degrees of freedom): Clearly the 
evidence for a significant relationship between lung cancer mortality and husband’s 
smoking classification is ambivalent even without considering the influence of non¬ 
sampling errors and confounding factors. 


Gr 


ETS and Ischemic Heart Disease (Tables 5,6) 

The consideration of multiple outcomes for associations with ETS indicates the 
multivariate nature of the analysis and the lack of prior hypotheses in this study. One 
should allow for multiple or repeated tests of significance in the evaluation of these 
results. 

Table 6 gives a tabulation of ischemic heart disease mortality by husband’s age group, 
husband’s smoking classification and husband’s occupational group. After adjustments 
for both husband’s age group and husband’s occupational group are made (Exhibit 4), 
husband’s smoking classification is just non-significant by the established'criteria (x 2 = 
5.6 on 2 degrees of freedom). This is in contrast to Table 5 (not shown) which is Table 6 
collapsed over husband’s occupational group, showing some confounding between 
husband’s occupational group and husband’s smoking classification for ischemic heart 
disease. 


ETS and Other Cancers 

Table 7 (2) classifies other cancer against husband’s age group* husband’s smoking 
classification and husband’s occupational group, the same classification'as for lung 
cancer mortality (Table 3) and for ischemic heart disease (Table 6). This again points out 
that a Proportional Mortality Analysis is the preferred method of analysis here. A 
univariate log linear analysis confirms that husband’s occupational group is significantly 
associated with other cancer mortality. This association is almost entirely due to 
husband’s occupational group 5, “farmers, laborers and fishermen" which has an 
estimated relative risk of 1.45 with 95% confidence limits of (1.04-2.03): No significant 
association with husband’s smoking classification is detected with other cancer. 




- ....... 
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Green/' Yellow Vegetables and Lung Cancer Mortality (Tabic 8) 

Switching the focus now from husband’s smoking classification to daily intake of green/ 
yellow vegetables, we first' fit all factors other than daily intake of green/yellow 
vegetables in Table 8 as nuisance parameters. The analysis of deviance reduction 
establishes that daily intake of green/yellow vegetables has a non-significant association 
(Exhibit 4). 


Green/ Yellow Vegetables and Ischemic Heart Disease (Table 10) 

Table 10 gives ischemic heart disease mortality by husband’s age group* husband’s 
smoking classification, husband’s occupational group and daily intake of green/yellow 
vegetables. 

No significant association'is found (Exhibit 4) with daily intake of green/yellow 
vegetables, after adjustment for these other factors (x 2 = 0.6 on 1 degrees of freedom). 

In summary, standard Poisson regression, using the conventional 5% level of significance 
indicate, on the basis of these published tables, 

- husband’s smoking classification is marginally associated with wife’s lung cancer 
mortality, the size of the effect being of borderline significance and dependent on the 
presence or absence of other factors in the model and the number and grouping of 

! classes used in the husband’s smoking factor. 

- that husband’s drinking habit shows no significant association with liing cancer 

! mortality in the limited data published here. 

i - that daily intake of green/yellow vegetables shows no significant association'with 

I lung cancer mortality or with ischemic heart disease mortality. 

- that husband’s smoking classification is of borderline significance with wife’s 
ischemic heart disease mortality. 

- that husband’s smoking classification shows no significant association with other 
cancer mortality,. 

I 

! These findings may be compared against those of the original reports There Hirayama 

(1984) claims “a significantly increased risk or lung cancer mortality “in relation to the 
extent of the husband’s smoking... The association was significant when observed by, age 
of husbands... and also by age of wives." “Similar significant risk elevation of lung cancer 
with the increase in the extent of husband’s smoking was observed with ischemic heart 
' disease when observed by husband’s age group and husband’s occupational group." 

“The risk-reducing effect of daily intake of green-yellow vegetables on lung cancer 
was observed for passive smoking... Those women eating green-yellow vegetables daily 
showed a significantly lower risk of lung cancer from the passive influence of their 
husbands’ smoking." 

Power Fit 

Exhibit 4 which summarizes the best fitting multiplicative model indicates that in some 
; instances this fit may not be too good (or that interaction terms are necessary). Thus, the 

residual deviance considered as an approximate x 2 indicates that for both models fitted: 
toTable 2, the fit is of borderline significance. This is true also of Table 7 (2);Table 8 and 
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Exhibit 5 

Dcvianccs (tff) for additive, multiplicative and best fitting power modelfe 


MODEL 


OUTCOME 

TABLE 

ADDITIVE 

POWER 

MULT1PL1CA1 

LCD 

Table 1 

3.79 (12) 

2.76 (12) 

3.24 (12) 

LCD 

Table 2 

7.91 ( 6) 

7.85 ( 6) 

10.72 ( 6) 

LCD 

Table 3 

2.57 ( 6) 

1.50 ( 6) 

1.95 ( 6) 

1HD 

Table 5 

2.32 ( 6) 

2.17 ( 6) 

2.72 ( 6) 

OTHER CA 

3.28 ( 6) 

2.46 ( 6) 

3.68 ( 6) 


Table 7(1) 


Model .» I + HAGE(4)rt HC1G(&) for Table I 

. |<rWAGE(4)4HClG(3) for Table 2 and 

. 1'4 HAGE(i)^HClG(3) for Table* 3; 6 and 7(1) 

Eate* are DTHS POP (1966-1981) 

for LCD (Table* 1,2,3). OTHER CA (Table 7(1)), 1HD (Tablt S) 


Table 3 ha* been culUpted over HOCC 


Tabic 10. This test is approximate. Nevertheless, it was decided to investigate the best 
fitting power model (Breslow 1986) to these tables. The goodness of fit of the additive, 
multiplicative and best fitting power model to these data are compared in Exhibit 5 in 
terms of residual deviance. Note that the additive and multiplicative models are special 
cases of the power model with exponents equivalent to one and zero respectively. 

In Exhibit 5, an attempt has been made to fit the same predictive equation, adjusting 
for age and ETS exposure across the different sets given in Hirayama (1984). Overall, 
husband's age in 1965 classified by 10 year age groups, gives very satisfactory fits, 
irrespective of which Poisson model is used. In contrast. Exhibit 5 shows that poor fits 
result from the use of wife's age in 1965, classified in 10 year age groups, the multiplicative 
model giving the worst fiU 

Exhibit 5 also reveals that the power-deviance curve is generally quite flat. Apart 
from Table 2, for which the additive model is the model of choice, the data, as presented 
in Hirayama (1984), do not discriminate well between additive and multiplicative 
models. 


bef * 1 
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Exhibit G 


POWER VALUE FOR BEST MODEL 

POWER 

OUTCOME 

Table 

P 

P 

P 

LCD 

Table 1 

1 

040 

0 

LCD 

Table 2 

1 

1.14 

0 

LCD 

Table 3 

1 

0.39 

0 

1HD 

Table 5 

1 

G.C1 

0 

OTHER CA 
Tabic 7(1) 

1 

- 

0 


predictive equation* u in Exhibit 5 
- p meoninglcM »inc* HC1G ha* mto estimate* 


The power value in the best fitting model is given in Exhibit 6. This lies between p = 1, 
the additive model and p = 0 (which is equivalent to the multiplicative model) for all but 
Table 2. The best fitting power model for Table 2 is larger than 1.00, indicating that the 
multiplicative model as fitted above, is contra-indicated. An additive model, then, is 
clearly preferred over the multiplicative model for Table 2, which, alone, uses wife’s age 
group. However, the flatness of the deviance curve against p may indicate that the 
assumption of a Poisson error term is incorrect. 

This finding may be interpreted in biological terms and in terms of information 
content. Although this study is considered to be one of the largest on ETS and lung cancer 
and contributes heavily to any meta-analysis estimate of passive-smoking effect (NRC 
report. 1986) it contains little information because of the absence of specific exposure, 
person year and time dependent data. 


Wife’s Age (Table 2) 

Having shown that the additive model is the model of choice for Table 2, we now consider 
this analysis more fully. Unfortunately we are restricted to this one simple cross 
classification of wife’s age group by husband’s smoking classification using coarse 
intervals and omitting others factors. Under the additive modeH wife’s age group and 
husband’s smoking classification are significant factors (x 2 = 32.6 on 3 degrees of 
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Exhibit 7 


Table 2 Lung Cancer Relative Risk (1066-1981) 


HUSBAND’S SMOKING 


Non 

Ex or 1 - 1 9/d 

20+ Id 

1.0 

2.4 

3.3 

1.0 

1.6 

1.9 

1.0 

1.2 

1.0 

1.0 

0.1 

0.5 


40-49 
WIFE’S 50-59 
AGE 60-69 
70-79 


freedom for wife’s age group and 8.84 on 2 degrees of freedom for husband’s smoking 
classification^ 0.05 > P > 0.01) r 

Although this is an improvement over the multiplicative model, the residual deviance 
is 7.91 on 6 degrees of freedom, indicating that this model may still not be good fit. 
Likewise the best fitting power model had residual deviance of 7.85 on 6 degrees of 
freedom - not a great improvement. 

This is paradoxical. As we move from husband’s age group to wife’s age group (which 
should give a more directrelationship between age and lung cancer mortality) we, in fact; 
find continued evidence of an interaction between wife’s age group and husband’s 
smoking classification, irrespective of which model we use. It must be concluded that 
Table 2 contains insufficient detail in wife’s age group and exposure to ETS or that other 
factors, not shown, are associated with lung cancer mortality in the non-smoker. 

An alternative way of explaining why the multiplicative model is not the model of 
choice when wife’s age is used is to examine the relative risks. The use of the multiplicative 
model assumes that the relative risk is constant with age. Exhibit 7 however demonstrates 
a clear trend in the relative risk which falls from values above 1 at young ages to values 
below 1 over 70. These trends arise because of the different effects of age in the three 
smoking status categories. Clearly (as may be seen from Exhibit 8 (figure)) the rates for 
the three smoking status categories arc approximately equal at wife’s age 60-69 but differ 
(in different directions) at other ages. Exhibit 9 compares average annual rate by wife’s 
age (Table 2) with the same rate when classified by husband’s age (Table 1) and both are 
compared with estimated Japanese rates for females. The rates for Table l and Table 2 
are both uniformly lower than Japanese rates for women. Either wives have a much more 
favorable experience than all women or Hirayama’s study subjects are unrepresentative 
of Japanese wives or both. In addition Exhibit 9 reveals an anomaly in Table 2 in that, 
unlike Japan orTable I, the lung cancer death rates when classified by wife’s age show no 
age trend from age group 50-59 to 60-69! 

This suggests a serious misclassification of wife’s age, wives who were 50-59 being 
recorded as 60-69 at the initial interview. Alternatively, and more likely, lung cancer 
deaths for wives aged 60-69 at initial interview are seriously under reported, giving a 
spuriously low average annual year lung cancer death rate of 18 per 100,000 as compared 
with a Japanese rate for all women of 39. 

Turning now to an examination of the selected cohort, we look at the percentage 
distribution of husband’s smoking status by wife’s age. Exhibit 10 gives a 1965 cross- 
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Exhibit 10 


Tabic 2 Distribution of Husband's smoking status by Wife’s age 


HUSBAND’S SMOKING 




Non 

Ex or 1 - 1 9/d 

20 4 Id 

Total 


40-49 

21% 

46% 

33% 

38,025(100%) 

WIFE’S 

50-59 

24% 

49% 

27% 

32,089(100%) 

AGE 

60-69 

30% 

51% 

19% 

20,344(100%) 


70-79 

16% 

62% 

22% 

1,082(100%). 


Exhibit n 


Tabic 1 Distribution of husband's smoking status by his age 
HUSBAND’S SMOKING 


40-49 
HIS 50-59 
AGE 60-69 
70-79 


Non 

Ex 

1- 14 I'd 

15- 19/d 

20 4 /,d 

TOTAL 

10% 

4% 

27% 

16% 

34% 

32,027(100%) 

23% 

6% 

28% 

12% 

30% 

33,253(100%) 

20% 

11% 

30% 

10% 

10% 

24,214(100%) 

37% 

17% 

30% 

5% 

11% 

; 2,048(100%) 


sectional view of cohort changes in husband's smoking habits. A number of points 
arise. Although Dr. Hirayama has published no information from his 3%. re¬ 
interview survey on changes in smoking status between 1965 and 1971, such changes 
in smoking status occurred and may be of the order demonstrated in Exhibit 10 for 
husbands. (We have no information on wife’s changes in smoking habits. Dr. 
Hirayama claims that 1.96% of the women polled in his 3% re-interview survey 
were mis classified as to smoking status. It is difficult to understand 1 how he can 
discriminate between conversion from non-smoking to smoking status given the 
nature of the smoking question revealed in Exhibits 1 and 2. If 1.96% of wives were 
misclassified, what is the conversion rate from non-smokers to smokers in the period 
1965-1971 among these wives?) 

Secondly, the intermediate smoking classification (Ex or 1-19/d) is the most 
numerous of the three smoking status classifications for the husband and is a composite 
of ex-smokers and light and intermediate smokers (1-14/d and 15-19/d). It could be 
argued that as the most numerous the intermediate group should be used as the baseline 
for testing the significance above and below these rates for non-smokers and heavy 
smokers (20-b/d) respectively. However, this group of wives has an unknown mixture of 
exposures to passive smoking. As indicated above, form 1 (see Exhibit 1) records 
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information on duration of exposure of a wife to her husband's smoking but this has 
never been used in Dr. Hirayama’s many publications. 

Finally, a husband’s smoking status is clearly dependent on his age (Exhibit 1 l).Thus, 
as a surviving husband ages he is less likely to be classified as a 20-h/d smoker and most 
likely to be classified as a non-smoker or ex-smoker. Dr. Hirayama groups ex-smokers 
with light smokers (what happens to “occasional smokers”? (see form 1 (Exhibit 1)). In 
terms of exposure before 1966 this is correct but it may be argued that ex-smokers should 
be grouped with non-smokers since wife’s exposure is zero after 1965 and lung cancer 
latency is of the order of 10 years. 

Better still, fme detail should be preserved in order to allow for the true expression of 
factors and covariates. Thus it is likely that the association of husband’s smoking status 
with wife’s lung cancer mortality is simply an example of incomplete age adjustment, 
using 10 year age groups with a 16 year cumulative mortality. In other words, husband’s 
smoking status is confounded with wife’s age. Again this can be remedied by using 
modem analytical techniques to analyse the data in detail 


Discussion 


Dr. Hirayama’s publications, over the years, have analyzed this longitudinal record 
linkage study from many aspects. Given the nature of the study and the absence of 
specific details, it is clear that these data can not be used to confirm hypotheses or to 
strengthen the evidence for or against a causal mechanism between causes of death (his 
outcomes) and his factors, since “we can be easily misled by variables not represented or 
recognized in a study” (Tukey & Mosteller 1977, p. 119) and since “tests of significance 
and confidence intervals that fail to account for the lack of fit of a given model may be 
seriously misleading " (Breslow 1987, p. 37). 

The absence of relevant factors and specific details is shown here in the inability of 
these published data to discriminate between additive and multiplicative Poisson 
regrwsionmodeis. It is unfortunate that the Committee on Passive Smoking (NRC 1986) 
gave so much weight to Dr. Hirayama’s conclusions in their review of the evidence for 
and against passive smoking as a cause of lung cancer. 

This standard re-analysis of Hirayama (1984) points to husband’s smoking status 
being a surrogate for some other factor or factors. Thus, an unadjusted analysis of 
husband’s alcohol intake showed no association with lung cancer mortality. If husband’s 
smoking status were a causal factor in the formation of lung cancer, one would expect 
alcohol intake also to be associated with this risk because of the association of smoking 
and drinking habits. 

Comparison with other cohort studies shows how approximate the evaluation of ETS 
exposure is in this study. Thus, for example. Smith & Doll (1982); investigating the effect 
of irradiation on leukemia mortality use both age at first exposure and duration since firs t 
exposure as factors. Dr. Hirayama has linked his initial interview file with death 
certificates for selected causes of death. It should be possible to link wedding, divorce and 
death certificates (for all causes) to the original file in order to estimate the duration of the 
marriage. Further, since the age at which the husband started smoking was recorded, the 
duration of the wife’s exposure to passive smoking could be estimated. This assumes that 
no non-smoking wife started smoking in the interval 1966-1981. Figure 1 of Hirayama 
(1984) and Kristen (1986) show a rapid rise in per capita cigarette consumption in this 
period in Japan; In the light of this increase, it is plausible to assume that a number of 
these wives became smokers after 1965. More non-smoking wives of smoking husbands 
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would be expected to become smokers than among those married'to non-smokers 
because of the husband’s example. Likewise, more wives of smokers are likely to have 
been misclassified as non-smokers in 1965 than wives of nomsmokers (Lee, in press). 

In the absence of information on duration of exposure, we know only the reported 
smoking status of husband and wife at initial interview. Assuming stability throughout, 
older wives in 1965 have been exposed for longer than younger wives. If so, relative risks 
should increase but the opposite is true (Exhibit 7). Indeedi as has been indicated, wife’s 
age in 1965, is a less effective explanatory variable for cumulative lung cancer mortality 
than husband’s age. Dr. Hirayama’s analyses which use the spouse’s age for age 
standardization are of questionable value. Theories of carcinogenesis relate the incidence 
of cancer to the age of the experimental animal or the individual. The analytical 
comparisons given here indicate that husband’s age cannot be used as a surrogate for 
wife’s age if the age at entry of the decedent is used. The importance of this conclusion 
maybe seen in the observation that, if Dr, Hirayama’s study is excluded from a global 
estimate of passive smoking effects on lung cancer, the resultant meta-analysis gives a 
value which is not significantly greater than 11 

Dr. Hirayama’s study ascertained 142,857 women 40 years or over in 1965. Figures 7 
and 8 of Hirayama (1984) document the smoking history or exposure of 108,906 females, 
leaving 33,951 women unaccounted for. It might be assumed that 24% of the female 
cohort were widows in 1965 except for Dr. Hirayama’s statement “information on the 
smoking history of the husbands of non-smoking women with lung cancer was available 
- in 77.3% of cases (174 out of 240)" (Hirayama 1981). This means that the 91,540 wives 
analysed here and in Hirayama (1984) represent 77,3 % of a total of 118,422 wives in 1965. 
Clearly it is impossible to re-construct the total female cohort from the information 
given. If, as stated by Dr. Hirayama, 23% of his study group are missing, then his 
confidence limits are too narrow in that they do not allow for the effect of these non¬ 
sampling errors. Inclusion of non-sampling errors for the 23% missing wives totally 
negate his claims of significance for the association between passive smoking and lung 
cancer and between green and yellow vegetable intake and lung cancer. 

This investigation prompts the author to call for an international panel of scientists to 
be given access to Dr. Hirayama’s files. An independent evaluation'is needed of the 
contribution which this unique study can make to the role of passive smoking and dietary 
habits in the etiology of lung cancer and heart disease. 

Acknowledgement: The author is indebted to Dr. John Viren for his suggestions, 
criticisms and advice. 
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uearly inadequate for the purposes at hand. 
Rather fine categorisation is used for husband's 
occupation, but analysis of the data does not 
indicate that this is a significant predictor. 
The stratification for age, on the other hand, 
is far too coarse. Variations of cancer incidence 
within 10-year age ranges are large compared 
with the variations attributed to the husband’s 
smoking. Even relatively small differences in 
the age distribution of the three populations 
could thus produce the reported apparent 
effect. The use of husbands’ rather than 
wives’ ages for stratification compounds the 
problem. 

The measure of risk is also inappropriate 
for a study of such extended duration. The 
number of person years at risk rather than the 
number'of subjects should be used as the 
exposure variable, since many subjects would 
have died of other causes during the study. 
The appropriate procedure for analysing data 
of this type is given in Mantel’s original 
paper. 1 

Finally, it is dear from the original paper 
that Dr Hirayama analysed several causes of 
death, but reported statistics only for lung 
cancer. The procedure of reporting only the 
most significant result from a choice of several 
possible dependent measures a posteriori is a 
common error which naturally leads to 
inflated estimates of significance. Only an 
appropriate multivariate test can properly 
estimate statistical significance in this situation. 

The analysis reported must thus be re¬ 
garded as inconclusive unless more refined 
analyses are able to confirm the results. We 
endorse the author’s suggestion that further 
study based on larger samples is needed, but 
we emphasise that such studies can be useful 
only if the relevant biomedical data are 
recorded and analysed in sufficient detail to 
isolate the hypothesised ; effect from con¬ 
founding factors. 

Chris F Tsokos 


Department of Mathematics, 
University of Smith Florida, 
Tampa, Hbrida 33620. 

USA 


• Mantel N, Halperin M. Journal of the Amman 
Statistical Association 1963£6:611-27. 


Sir,—M ost of the questions raised in my letter 
(3 October, p 917) were not addressed in the 
response of Dr Hirayama that followed. The 
first readings of his original paper troubled me 
in view of his recognised work, so that before 
I commented I reviewed every Hirayama 
paper in the literature on this study population 
to sec if the collective information might 
answer the questions. A map of Japan was 
constructed by prefectures and minor popula¬ 
tion subdivisions and the areas of the study 
were marked as nearly as they could be 
ascertained. Review of the reports on the 
epidemiology and clinical aspects of lung 
cancer of other Japanese scientists and finally 
a serious study of Japanese demography, 
industry, disease trends, and all pertinent data 
were made; so the questions asked were 
serious and responsible. 

Dr Hirayama did not answer the question 
about how or why the specific health stations 
surveyed were selected, or how the few 
prefectures of the total in Japan from which 
the health stations were chosen weTe selected. 
He admitted that she selection was not random 
and states, “The satisfactory representativeness 
of the sample was confirmed after the survey.” 


He does not say by what criteria this was 
confirmed. 

Mapping of the areas selected for study and 
of the industrial concentrations shows them to 
be related in nearly every instance. Qr 
Hirayama states, “Asbestos exposure is quite 
unlikely to have influenced our result since ihe 
proportion of industrial areas are surely nor in 
excess in our sample.” Asbestos and other 
industrial exposures would have to be con¬ 
sidered according to the locations of the study 
areas and of the industrial complexes as 
revealed on the map of Japan. The areas were 
nearly all in the areas with high standardised 
mortality ratios in the excellent and fully 
documented countrywide epidemiological lung 
cancer mortality study of Minowa ct of 1 The 
tabulation on the basis of the husbands’ ages 
is not explained. According to the median age 
at time of marriage in Japan, there is a 
difference between husbands’ and wives’ ages, 
the wives being generally younger. Dr 
Hirayama stares, “We have tables by wives’ 
ages separately.” They were not found in the 
literature search on these data. 

No response at ail was made to the following 
questions: (1) Were the families whose medical 
care was covered by industry omitted from the 
study? (2) To what population is Hirayama 
referring? (3) Why were 31% of the women 
surveyed (and 40% of the women smokers) 
listed as unknown or not specified as to 
occupation?; For a person to person survey, 
this suggests methodological problems. (4) 
Why were references to current Japanese 
studies by reputable men, Minowa tt aJ 1 and 
Aoki, : whose findings did “not seem to 
explain the prefecture differences of lung 
cancer mortality” not mentioned? (5) The 
report by Ishikawa* on the preponderance of 
adenocarcinoma in Japan, in a footnote of 
which he acknowledges the assistance of Dr 
Hirayama, his colleague as a reviewer, is not 
referred to in the answer, although this is y«y 
important to this discussion. 

Two new issues were introduced by Dr 
Hirayama in his response, one on the quantity 
of sidestream smoke inhaled by the wives, 
without any discussion of the quantity smoked 
in houses or in the presence of the wives. All 
the sidestream smoke of husbands’ cigarettes 
would not be inhaled. A remarkably careful 
study on this subject was reported in 1978 by 
a French group that helps to explain the 
differences reported by different techniques of 
measurement. They improved and explained 
each innovation they used to overcome 
logistical problems noted in previous srudies. 
They concluded, with valid proof, that on the 
strictly toxicolbgical level there ix no hazard 
for non-smokers. The report docs not neglect 
to remark on the problems that are presented 
to a very important fraction of the population, 
however. The second issue introduced in the 
reply was that inhalation through the nose is 
different from the smoker’s direct inhalation. 
This did not consider the superb filtering 
system, which would conceivably reduce the 
amount of ambient smoke inhaled by the wives. 4 

Finally, the far-reaching implications of this 


unproved passive smoking effect arc already 
in evidence in the literature. 

Eleanor J Macdonald 

Division of Oncer Prevention, 

University of Texas System 
Cancer Center. 

Houston i .Texas 77030, 

USA 


1 Minora M. Shifemacsu L N*»*si M, Fukutomi K_ 
Soc Sci Med 198UlSD'l>:225-3). 

* AokiR, Ohno Y. S,op°« Rmsha 19S0tM 2541-50. 

* IihiWa S JpnjCltn Oncol 1973 4:19-30, 

* Bad re R, GuiUfcrm R. Abran N, Bouxdm M, Duma* C. 

Annates Pharmacrutiauet Francoises 1978,36:443-52. 


Sir,—D r T Hirayama (17 January, p 183) 
reports a greater risk of lung cancer in non¬ 
smoking women when their husbands smoke 
than when they do not. Assessing the statistical 
significance of this association by a y 2 trend 
statistic on one degree of freedom. Dr N 
Mantel (3 October, p 914) showed that a non¬ 
significant value of 3-31 is obtained if age and 
occupation are ignored. However, if these 
factors are taken into account, on the basis of 
data given in table I of Dr Hirayama’s recent 
letter (3 October, p 916), a higher valiie of 
8-70 is obtained, which is statistically significant 
(p<0*0l), and similar to, though not identical 1 
with, to the value of 10-88 given in his original 
paper. While this slight discrepancy might' 
have been due, perhaps, to the use of narrower 
age bands in Dr Hirayama’s original calcula¬ 
tions, it is clear that the much more significant 
differences claimed in tables 11 and 111 of his 
letter are due to a statistical error. 

Table II, which gives a very much higher y~ 
value of 36-SI for a similar comparison, is based on 
the false assumption that the lung cancer rate of 
non-smoking women with husbands who did not 
smoke is known precisely. The correct calculation, 
given in my table, gives a much lower level of 
significance for the Japanese data, and his calcula¬ 
tions for the American 1 and Greek* dau are 
similarly in error. Consideration only of women 
with smoking husbands has also led Dr Hirayama 
to conclude incorrectly that the American study 
was materially less powerful than the Japanese 
study because of sample size. In fact, the studies 
were of very similar power, a slightly smaller total 
number of deaths in the American study (153 
compared with 174) being balanced by the greater 
stability of the denominator in the relative risk 
calculations, due to the greater number of deaths in 
women whose husbands did not smoke (65 
compared with 32). 

The source of the error in his table III it not 
dear, but the remarkably narrow 95 % confidence 
bands for relative risk given in the table below the 
figure cannot be even approximately, conect. How, 
for example, can the ratio of 2 94 given for the 
comparison, of lung cancer rates between non¬ 
smoking men whose wives smoke (seven deaths out 
of 1010) and non-smoking men whose wives do 
not smoke (50 deaths out of 19 279) possibly have 
95% limits as close together as 2 65 and 3-26—that 
is, 2:10%—when the 95% limits for the seven 
observed deaths are approximately 2 and 12—that 
is, ±70%—and the variability of the relative nsk 
must be greater than this? 

Hugodi i aP have shown, that under quite 
extreme passive smoke conditions, sufficient to 
produce a carbon monoxide air concentration of 
20 parts per million, a non-smoker would take 11 


Observed and expected deaths from lung cancer in non-smoking tcomen in the Japanese l*udy according to the 
smoking habit of their husbands 



Husband* do not smoke 

Husband* imok* 




Observed 

Expected 

Observed 

Expected 

X* 

P 

As given by Hirayama 

32 

(32 0) 

)47 

4V* 

>6 *1 


Correct calculation 

32 

45 8* 

143 

128 2* 

578 

<0 05 


• Standardised for a*t and occupation on the ba*u of data m table I of Dr Hirayama'* letter (J October, p 9! t). 
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jK»urv take in an amount of tar equivalent to that 
inhaled by the smoker of an average cigarette and 
50 hours to take in the equivalent amount of 
nicotine. Similar estimates can be made from other 
studies,'- 4 suggesting that in terms of dose one 
passively smoked cigarette is equivalent to a very 
small fraction of one actively smoked cigarette. In 
Dr Hirayama'*study, on the other hand* elevations 
of lung cancer risk in active smokers of about five 
cigarettes a day are similar to those seen in non¬ 
smoking women married to smokers of 20 or more 
cigarettes a day. As these husbands are stated to 
smoke only 84 cigarettes,a day at home and these 
presumably not all in the presence of the wife, his 
results are implicitly suggesting that in Terms of 
lung cancer response, one actively smoked cigarette 
and one passively smoked cigarette are virtually 
equivalent. 

This contrast is so striking that one must 
seriously doubt whether the elevated lung 
cancer risk seen in non-smoking wives of 
smokers, statistically significant as it may be, 
is really caused by the passive smoke exposure. 
It seems far more likely that the explanation 
lies in some hitherto undiscovered confounding 
or biasing factor. 

Peter N Lei 

Sutton, Surrey SM2 5DG 

• Garftnkel L- J Sat Comer Inst 1981;64:1061-6. 

• Trichopoulo* D, Kalandidi A, 5 parrot L. Mac Mahon 

T Cancer 1961,27:1-4. 

• Hufod C, Haw-kini LH, Asrrup P. ImtArck O emp 

Environ Heahh 1978;42:21-9. 

1 Rcpscc JL, Lowrey AH. 5c»#«rr 1980:206:464-72. 

• Hindi M'C, First MW. \ r EntlJ MeJ 1975 292:844-5. 

• Ruiicil MAK, Fey«rab«nd C. Lancti 1975ii: 179-61. 

•/Te sent this letter to Dr Hirayama, who 
replies below.—E d* BMJ. 


Sir,—S ince in Garfinkel’s paper the only data 
available were expected frequencies based on 
the risk for women with non-smoking 
husband*, similar calculations were attempted 
with the Japanese and Greek data and: pre¬ 


sented in table II. If Garfinkel had shown the 
complete data better comparison could have 
been made, as suggested by Mr Lee. 

Mr Lee also worries about the data as they 
suggest that the risk of passive smoking is 
almost equivalent to that of light smoking. 
The only way to answer such questions must 
be by carrying out in-depth studies of the 
chronic toxicity of sidestream smoke and of 
health consequences resulting from prolonged 
exposure to passive smoking. The study by 
White and Froeb suggests a considerable effect 
on the airways from passive smoking. 1 

I regret that errors have been found in the 
95% confidence intervals shown in the figure 
in my last letter. The correct values are given 
in the accompanying figure. The errors do not, 
however, influence the substance of my letter. 

T Hirayama 

Epidemiology Division, 

National Cancer Center 
Research Institute, 

Tokyo, Jap»n 

• White JR. Froeb HE. N Engl J Med 1980 £02:720-3. 


Diseases of modern civilisation 

Sir,—C ertainly we can all agree with the Revd 
H C Trowell and Dr D P Burkitt (7 November, 
p 1266) that there are several conditions that 
are uncommon in developing countries but 
have become increasingly common in the West. 
They add that in their book Western Diseases; 
Their Emergence and Prevention “there is little 
hard evidence that would warrant a recommen¬ 
dation for dietary change in these countries.'* 
There is, however, a great deal of evidence, 
from experiments with laboratory animals and 
with human subjects, that one item in Western 
diets, in the quantities now commonly being 
consumed, produces a range of abnormalities 
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Active and passive srnokm* and standardised mortality rates for lung cancer: relative mk* (RFO with 
95% confidence interval*—prospective study, 1966-79, Japan. (Revued version of figure published 
3 October, p 917:) 


that indicate its likely involvement in produc¬ 
ing some of the Western diseases (references 
given in a recent paper'): Here is an abbreviated: 
list: increased concentration of cholesterol and: 
triglyceride, decreased concentration of high- 
densiry lipoprotein cholesterol, increased con¬ 
centration of insulin and corticosteroids, and 1 
increased concentration of uric acid in the 
blood; impaired glucose tolerance; diminished 
tissue sensitivity to insulin; increased adhesive¬ 
ness and aggregation of blood platelets; 
paradoxical electrophoretic behaviour of blood 
platelets; retinopathy; nephropathy indis¬ 
tinguishable both histolbgically and bio¬ 
chemically from that seen in diabetes melliius. 
It is difficult to imagine that more evidence is 
needed to indict sugar as a likely cause of at 
least two of the “Western diseases," coronary 
heart disease and diabetes. 

The average consumption of sugar is now 
about 1 kg a week in Western countries, 25 
times what it was before the industrial 
revolution. Some people take two or three 
times this average. I see no problem about 
what should be the most sensible dietary 
recommendation we could be making. 

John Yudicin 

London NW3 

' Yttdkin J. Am y aim Smtr 1981 £4:1453. 


Alcohol and alcoholism 

Sir, —Dr Richard Smith’s series of papers on 
alcoholism (26 September, p 835; 3 October, 
p 895; 10 October,, p 972;; 17 October, p . >t : 

1043; 24 October, p 1108; 31 October, p 
H70, and 7 November, p 1251) was timely 
and generally accurate and comprehensive, 
but I was surprised to see no reference to 
supervised disuifiram—one treatment which 
docs seem to be of specific benefit in alco¬ 
holism. This has been shown in three well- 
designed controlled trials and: there are no 
contrary findings. All the studies stress that 
supervised disuifiram is an extension of the 
therapeutic relationship and not a substitute 
for it. 

Gcrrein tt of 1 found that 85% of patients 
given disuifiram twice weekly under super¬ 
vision remained in treatment, compared with 
a maximum of 39% in patients who had 
once-weekly supervised disuifiram or un- 
supervised disuifiram treatment. The figures 
for those abstaining for a minimum of eight 
weeks were 40% compared with a maximum 
of 15%. Azrin* reported that for patients 
given the same intensive communiry-based 
psychotherapeutic and rehabilitative pro¬ 
gramme, those in whom the administration of 
disuifiram was supervised-—usually by, their 
wife—did vastly better than those on un- 
supervised medication:. Drinking days were 
2° 0 for the supervised group against 55% for 
the unsupervisedi Unemployment was 20% 
against 56%; and time spent in institutions 
was nil against 43%. This last figure has 
obvious financial implications. In an employee 
treatment programme, Robichaud ct aP found 
that absenteeism averaged 9 8% bciore treat¬ 
ment, 1-7% during treatment with twice- 
weekly supervised disuifiram given by the 
factory nurse, and 6-7% when treatment was 
discontinued. Ail these studies used a standard 
dose of disuifiram, which' was probably 
inadequate for some patients, and no alcohol 
challenge was done. 


Source: https://www.industrydocuments.ucsf.edu/docs/szpxOOOO 
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_h©urs fo take in in amount of tar equivalent to that 
inhaled by the smoker of an average cigarette and 
50 hours to take in the equivalent amount of 
nicotine. Similar estimates can be made from other 
studies,* - * suggesting that in. rrrmj ,»/ dose one 
passively smoked cigarette is equivalent to a very 
small fraction of one actively smoked cigarette. In 
Dr Hirayama’s study, on the other hand, elevations 
of lung cancer nsk in active smokers of about five 
cigarettes a day are simiUr to those seen in non¬ 
smoking women married to smoker* of 20 or more 
cigarettes a day. As these husband! are stated-to 
smoke only 8 4 cigarettes, a day at borne and these 
presumably not all in the presence of the wife. His 
results are implicitly suggesting that in terms of 
lung cancer response, one actively smoked cigarette 
and one passively smoked cigarette arc virtually 
equivalent. 

This contrast is so striking that one must 
seriously doubt whether the elevated lung 
cancer risk seen in non-smoking wives of 
smokers, statistically significant as it may be, 
is really caused by the passive smoke exposure. 
It seems far more likely that the explanation 
lies in some hitherto undiscovered confounding 
or biasing factor. 

Pm* N Lei 

Sutton, Surrey SM2 3DG 

* Garfinkd L. J Nat Cancer Inst 1981 M: 1061*6. 

* Trichopoulo* D, Kaiandidi A, 5 par rot L, Mi c Mahon 

B. Int i Canter 1981;27 :1-4. 

* Hu tod C, Hawkint LH, Attrup P. IntArek Occvp 

Environ Health 1978;42:21-9. 

* Repact JL. Lowrty AH. Science 1980;208:464-72. 

* Hinds VC* First MW. N Engi J Med 1975 ^92 844-5. 

* Russell MAK, Fcycrabend C- Lancet 1975 p; 179-01. 

•/Te sent this letter to Dr Hirayama, who 
replies below.—E d, BMJ. 


Sir,—S ince in Garfinkel's paper the only data 
available were expected frequencies based on 
the risk for women with non-smoking 
husbands, similar calculations were attempted 
with the Japanese and Greek data and pre¬ 


sented in table II. If Garfinkcl had shown the 
complete data better comparison could have 
been made, as suggested by, Mr Lee. 

Mr Lee also worries about the data as they 
suggest that the risk of passive smoking is 
almost equivalent to that of light smoking. 
The only way to answer such questions must 
be by carrying out in-dtpth studies of the 
chronic toxicity of sidestream smoke and of 
health consequences resulting from prolonged 
exposure to passive smoking. The study by 
White and Froeb suggests a considerable effect 
on the airways from passive smoking.* 

1 regret that cnon have been found in the 
95% confidence intervals shown in the figure 
in my last letter. The correct valdes are given 
in the accompanying figure. The errors do not, 
however, influence the substance of my letter. 

T Hirayama 

Epidemiology Division, 

National Cancer Cemer 
Research Institute, 

Tokyo, Jap*,n 

* White JR, Froeb HB. N Engl? Med 1980 £02:720-3. 


Diseases of modern civilisation 

Sir, —Certainly we can all agree with the Revd 
H C Trowell and Dr D P Burkin (7 November, 
p 1266) that there are several conditions that 
are uncommon in developing countries but 
have become increasingly common in the West. 
They add that in their book Western Diseases: 
Their Emergence and Prevention "there is little 
hard evidence that would warrant a recommen¬ 
dation for dietary change in these countries/* 
There is, however* a great deal of evidence, 
from experiments with laboratory animals and 
with human subjects, that one item in Western 
diets, in the quantities now commonly being 
consumed, produces a range of abnormalities 
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that indicate its likely involvement in produc¬ 
ing some of the Western diseases (references 
given in a recent paper*). Here is an abbreviated 
list: increased concentration of cholesterol and 
triglyceride, decreased concentration of high- 
densiry lipoprotein cholesterol, increased con¬ 
centration of insulin and corticosteroids, and 
increased concentration of uric acid in the 
blood; impaired glucose tolerance; diminished 
tissue sensitivity to insulin; increased adhesive¬ 
ness and aggregation of blood platelets; 
paradoxical electrophoretic behaviour of blood 
platelets; retinopathy; nephropathy indis¬ 
tinguishable both histologically and bio¬ 
chemically from that seen in diabetes mcUitus. 
It is difficult to imagine that more evidence is 
needed to indict sugar as a likely cause of at 
least two of the “Western diseases/* coronary 
heart disease and diabetes. 

The average consumption of sugar is now 
about l kg a week in Western countries, 25 
times what it was before the industrial 
revolution. Some people take two or three 
times this average. I see no problem about 
what should be the most sensible dietary 
recommendation we could be nuking. 

John Yudkin 

London NWJ 

' Yudkin J. Am J Clin Nietr 1981 £4:1453. 


Alcohol and alcoholism 

Sir,—D r Richard Smith's series of papers on 
alcoholism (26 September, p 835; 3 October, 
p 895; 10 October, p 972; 17 October, p 
1043; 24 October, p 1108; 31 October, p 
1170, and 7 November, p 1251) was timely 
and generally accurate and comprehensive, 
but I was surprised to see no reference to 
supervised disulfiram—one treatment which 
does seem to be of specific benefit in alco¬ 
holism. This has been shown in three well- 
designed controlled trials and there are no 
contrary findings. All the studies stress that 
supervised disulfiram is an extension of the 
therapeutic relationship and not a substitute 
for it. 

Gcrrein et al l found that 85% of patients 
given disulfiram twice weekly under super¬ 
vision remained in treatment, compared with 
a maximum of 39% in patients who had 
once-weekly supervised disulfiram or un- 
supervised disulfiram treatment. The figures 
for those abstaining for a minimum of eight 
weeks were 40% compared with a maximum 
of 15%. Airin* reported that for patients 
given the same intensive community-based 
psychotherapeutic and rehabilitative pro¬ 
gramme, those in whom the administration of 
disulfiram was supervised—usually by their 
wife—<Jid vastly better than those on un¬ 
supervised medication. Drinking days were 
2° 0 for the supervised group against 55% for 
the unsupervised. Unemployment was 20% 
against 56%; and time spent in institutions 
was nil against 45%• This last figure Has 
obvious financial implications. In an employee 
treatment programme, Robichaud et aP found 
that absenteeism averaged 9 8% before treat¬ 
ment, 1-7% during treatment with' twicc- 
weekiy supervised 1 disulfiram given by the 
factory nurse, and 6-7% when treatment was 
discontinued. Ail these studies used a standard' 
dose of disulfiram, which was probably 
inadequate for some patients, and no alcohol 
challenge was done. 
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( ASSESSING THE VALIDITY OF A JAPANESE COHORT STUDY 

MAXWELL W LAYARD* AND JOHN R VIREN** 

*Layard Associates, 201 San Antonio Circle, Suite 263, Mountain View, CA 
9404Q (USA) **R.J. Reynolds Tobacco Company 

INTRODUCTION 

Results of a Japanese cohort study published by Takeshi Hirayama (3-6) have 
been influential in the assessment of cancer risks of non-smoking women exposed 

^ to environmenta1 tobacco smoke (ETS) through their husbands' smoking. We 

compared mortality projections, based on Japanese national death rates, with the 
reported cohort mortality. These comparisons revealed serious external and 
internal inconsistencies in the study results: 

* Reported cohort death rates were lower than those for all Japan, apparently 
because mortality tracing was incomplete and death rates among those lost to 
follow-up were higher than among those traced. 

* Cohort mortality deficits varied greatly among subrcohorts defined by entry 

I age and marital status. 

These inconsistencies raise the possibility that selection biases are present 
in the data which might distort comparisons between exposed and nonrexposed 
groups. 

I COHORT SELECTION AND FOLLOW-UP 

* The cohort was recruited in the last quarter of 1965 from 49 geographic 
areas within 29 Health Center Districts in 6 Japanese prefectures. 

I * Of persons aged 40-79 in the survey areas, 95% were included in the cohort 

(prefecture range: 91% to 99%). "Only those persons found healthy" were 
recruited. The criteria for exclusion on health grounds were not reported. 

* The age distribution of the cohort was similar to that of the 1965 Japanese 
population, except that the cohort under-represented the 70-79 age group. 

I * The cohort was followed for 16 years to the end of 1981. The number of 

subjects lost to follow-up was not reported. 

LIFE TADLE PROJECTIONS 

* Hirayama reporLed that age-specific mortality rates in the cohort, for all 

causes of death and for specific causes, were similar to those in the Japanese 
population, in fact, crude death rates for the 16-year study period, calculated 
by dividing reported total deaths by person-years of observation, were substan¬ 
tially lower than what would be expected from national death rates (Table I). 

We arrived at this conclusion by constructing mortality projections for the 
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cohort, based on standard demographic life table procedures. Japanese death rate 
statistics were obtained from U.N. Demographic Yearbooks (7) for al1-cause 
mortality, and from the Gann Monograph (2) for cancer mortality. The life tables 
provide year-by-year projections of cumulative deaths and person-years by age at 
observation. Cause-specific mortality projections were obtained by applying 
cancer death rates to the person-year projections. For smoking-specific sub¬ 
cohorts, adjustments to the published death rates were made by using the reported 
cohort mortality ratios for smokers versus non-smokers. 

MORTALITY IN PERSONS LOST TO FOLLOW-UP 

Total reported deaths in the cohort were 16,000 fewer than total projected 
deaths. For males, reported deaths were 8,600 (22.5%) less than projected, and 
for females reported deaths were 7,400 (25.5%) less than projected. 

From the reported numbers of deaths, we calculated the numbers of person years 
which would have been observed in the cohort if there had been 100% follow-up. 

At the end of the I6ryear study period, the totals of these calculated person- 
years were 108.000 more than reported person-years for males, and 95,000 more 
than reported for females. Those differences show that follow-up of the cohort 
must have been less than 100%. This conclusion is derived entirely from the 
reported cohort deaths and person-years of observation, and is not in any way 
based on the life table projections. Assuming that on the average 8 years of 
observation were lost per untraced person, an estimated 25,000 subjects, or about 
10% of the whole cohort, were lost to follow-up. 

The life table projections suggest that some 16,000 cohort deaths were not 
traced. That number is 64% of the estimated 25,000 persons lost to follow-up, as 
compared with approximately 21% of reported deaths among the cohort members who, 

TABLE I 

CRUDE DEATH RATES PER 100,000 PERSON-YEARS 


Males Females 

Projected Reported % of Projected Reported % of 

Rate Rate Projected Rate Rate Projected 


Al1 Cause 

2,300 

1,824 

79* 

1,409 

1,069 

76 

AlI-si to Cancer 

S7S.3 

500.4 

87 

329.9 

263.4 

00 

Lung Cancer 

86.6 

81.3 

94 

24.9 

21.1 

85 


* Reported crude death rate as a percentage of projected. 
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according to our estimates, were not lost to follow-up. This mortality differen¬ 
tial is a possible explanation for the differences between reported and projected 
death rates noted above. In fact it is the most likely reason, since the alter¬ 
native explanations discussed below seem inadequate to account for differences of 
the magnitude observed. 

OTHER EXPLANATIONS FOR MORTALITY DEFICITS 

We considered whether the discrepancy between reported cohort death rates and 
national rates could be explained by sampling variation, by lower death rates in 
the geographic areas represented in the cohort, or by "healthy person" effects. 

* The size of the cohort is too large for sampling variation to be a credible 
explanation. For example, a 95% confidence interval for the ratio of reported to 
projected all-site cancer mortality among women is 78% to 82%. 

* Japanese vital statistics by prefecture show regional variations in cause- 
and age-specific death rates, but these prefecture! 1 statistics do not suggest 
that death rates in the cohort as a whole would have been substantially lower 
than national rates. Thus it seems unlikely that regional variations could 
explain rate differentia1s of the magnitude indicated by the life table 

projections, 

* Since there were some exclusions from the cohort on health grounds, one 
would expect an initial healthy person effect. However, examination of the 
ratios of reported deaths to life table projections in intervals of the 16-year 
study period shows that there were still very substantial cohort deficits in the 
last years of the study, and it is unlikely that a healthy person effect would 
persist strongly for so long in a cohort with entry ages of 40 to 79 years. 

THE NON-SMOKING MARRIED WOMEN COHORT 

At the beginning of the study period, the cohort contained 91,540 non-smoking 
married women (NSMW). A total of 16,181 deaths were projected for the NSMW, and 
9,106 were reported. For all-causes, all-site cancer, and lung cancer, the 
percentages of reported to projected mortality for the NSMW were 56%, 67%, and 
72% respectively. The remarkable feature of these projections is that while the 
mortality deficits relative to projections are very large for the NSMW (44%, 33%, 
and 28% for all^causes, all-site cancer, and lung cancer respectively), they are 
quite small for all other women (3%, 6%, and 3% respectively). 

To investigate whether this pattern could be due to marital mortality differen¬ 
tials, we constructed a life table based on 1975 Japanese marital status-specific 
death rates (2). The result of our analysis was that reported total deaths were 
63% of projected for the NSMW sub-cohort, while the ratio for all other women was 
96%. Thus it appears that marital mortality differentials can explain only a 


Source: https://www.industrydocumer1is.ucsf.edu/docs/szpx0000 




small part of the differences between the NSMW and other women in the reported 
versus projected mortality deficits. 

When we compared reported and projected lung cancer mortality for the NSMW by 
entry-age decade, another internal inconsistency became apparent. Reported lung 
cancer mortality was only 51% of projected for the 60-69 entry-age group, while 
for younger women (40-59 years at entry) reported mortality was 84% of projected 

CONCLUSIONS 

In their monograph on the design and analysis of cohort studies, Breslow and 
Day (1) note that: “The validity of a cohort study depends fundamentally on com¬ 
plete ascertainment of the events of interest (e.g., cancer death) ... ." Our 
analyses strongly suggest that reported death rates in the Hirayama cohort were 
substantially lower than Japanese national rates because mortality among persons 
lost to follow-up was higher than among those successfully traced. If this 
explanation is correct, it is possible that biases exist in the data which might 
invalidate an observed relationship between exposure to ETS and mortality. Such 
biases could arise, for example, if there were more complete ascertainment of 
vital status among those exposed than among those not exposed. The striking in¬ 
ternal inconsistencies described above, between sub-cohorts defined by marital 
status and entry age, reinforce these doubts about the validity of the study. 
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raking and a. unpleasant *o tht patient, if 
not dangerous; and, secondly, the desire of 
the clinician to have some x-r»y plates to 
look at and interpret in addition to the radio¬ 
logist’* report* rather «Lan having to rely 
entirely on Jjc endoscooist. One can under- 
rand the second reason, Tsperially where the 
clinician is keen to be closely associated with 
his patient’s investigations wherever possible; 
but I do not think it is a good reason As for 
the first, I think this reflects the fact that so 
many endoscopies art carried out without 
adequate supervision by senior or well- 
trained clinicians, which may result in a poor 
diagnostic yield, unreliability, and—what is 
probably an even more important factor in 
militating against the use of endoscopy as a 
primary procedure—considerable discomfort 
and even distress to the patient. Where 
endoscopy services are properly organised and 
the examinations are carried out only by fully 
committed specialists or specialists in training, 
these objections should not apply. After all, 
we do not expect our registrars or rairselves 
to wander into an x-ray department and carry 
out the occasional barium xncmL 

I would therefore disagree with your 
opinion strongly and suggest that in the 
not-too-far-distant future an endoscopy will 
be widely regarded as the investigation of 
first choice in patients with any form of tipper 
gastrointestinal s ym p t o m . 

J S Kjrjcham 


St luan'i Hocphal, 
“ ■ » SW12 8HW 


Non-smoking wives of heavy smokers 
have a higher risk of lung cancer 

Sm,—Dr Takeshi Hirayama (17 January, 
p 183) sates that these it an increased 
hing cancer risk in non-smoking Japanese 
women married to heavy smokers. If his 
results were to be interpreted in favour of a 
positive relationship between passive smoking 
and lung cancer, considerable implications 
might be drawn for health policies in general. 
In our opinion, his documentation and 
conclusions invite critical comment for several 
reasons. 

The study is hampered by certain inade¬ 
quacies. There is no definition of histological 
types in the hmg cancers recorded in these 
women. For quite some time—at least since 
the paper of Wynder ex aJ 1 —female hing 
cancer has been known to include a high 
proportion of adenocarcinomas and alveolar 
cell carcinomas. Moreover, Dr Hirayama’s 
study fails to explain a lung cancer mortality 
rate of 18/100 000 in unmarried non-smoking 
women with reference to the fact that the 101 
unmarried women dying of lung cancer were 
likely to have been recruited from smokers 
and non-smokers in the same proportion as 
their married compatriots. However, in the 
non-smoking wives of smokers the respective 
mortality rate is only 14 6/100 000. The 
proffered argument that unmarried women are 
more likely to be smokers than married ones 
could support the first assumption Only if 
more than 50% of all unmarried women were 
actually smokers. This is highly improbable 
since the author admits that doi more than 
15% of Japanese women smoke at alL 

Surprisingly, the study maintains that the 
non-smoking wives of heavy smokers are more 
likely to get lung cancer in rural than in urban 
parts of Japan, thereby disagreeing with the 
results of other studies from various countries. 


In Germany Ulmer* found that from 1971 to 
1975 women living in an urban district died of 
bronchial carcinoma 2*19 times more often 
than those in a comparable rural district. None 
of the recent studies on passive smoking has 
asserted a c o r r e lation b etw e e n passive smoking 
and the development of lung cancer* -4 except 
for a paper by Tnichopoulos ti a/, 1 whose small 
number ofinappropriatelyselected cases appears 
unable to yield convincing results. One well- 
known effect of passive smoking is the irrita¬ 
tion of eyes, nose, and throat which may even 
lead to reduced maximal pulmonary function;, 
another is the impairment of pow ers of 
concentration felt by non-smokers dwelling in 
smoke-infested rooms.* -1 * 

A doae-effect relationship in the develop¬ 
ment of malignancy is undisputed. Passive 
smokers living and working in smoke-infested 
rooms will take up tznoke mainly through the 
nose (like pipe smokers), using the natural 
filter that smokers evade. (This explains the 
fact that the hang cancer rate is not raised 
among non-inhaling pipe smokers and cigar 
smokers.) The tide-stream smoke, involun¬ 
tarily taken up by the passive smoker, does still 
contain a high level of the noxious substances 
contained in tobacco, but they are diluted and 
weakened by normal room ventilation. 11 If we 
assume that the effect of 20 “passively smoked” 
cigarettes approximately equals that of one 
“active” (inhaled) cigarette, the carcinogenic 
substances diluted in this smoke would have to 
act at incredibly low concentrations to produce 
the alleged effect. In view of the dose-effect 
correlation this is highly improbable. 

In view of so many open questions Dr 
Hirayama’s conclusions do not appear very 
well founded. His paper, however, may 
stimulate further studies of greater statistical 
reliability. 

E Grundmann 
K-M Muller 
KD Winter 
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SIR,—Dr Takeshi Hirayama’s report (17 
January, p 183) indicating that non-smoking 
Japanese wives of heavy smokers have an 
increased risk of lung cancer has far-reaching 
implications and needs to be seriously exam¬ 
ined. In this regard the study apparently failed 
to consider the exposure of Japanese women to 
indoor air pollution from household hea t i n g 
and cooking equipment. Traditionally, that 
equipment was fuelled by wood or charcoal; in 
recent years many homes have convened to 
kerosene burning. 1 Smoke from wood fires has 
been suggested as ■ fan or in lung cancer 
aetiology,* and cooking with kerosene stoves 


has been associated with lung cancer in women 
in Hong Kong.* 

If nearly all Japanese women were exposed 
timilarly to home pollution, this phenomenon 
would not present an e .id ’j liological problfem. 
However, there is soir ' .neethat the more 
well-to-do tend to ' ^^atex aeparation 
between living and coo’dng quarters and to use 
electric heaters instead of charcoal or kerosene 
burners.* Thus women in better economic 
circumstances may Dot be exposed to the same 
level of pollutants as women in lower-income 
households. 

The additional problem is that smoking 
habits may be related to socioeconomic status. 
Smoking has been shown to be related to aodal 
class in Western countries such as the United 
Sutes and United Kingdom.*** While similar 
data on smoking habits and socioeconomic 
status do not appear to be available for Japan, 
tome information is available to show an 
inverse relationship between economic status 
and smoking. In the able 1 give averaged 
monthly household expenditure on tobacco by 
annual income extracted from the 1980 Japan 
Statistical Yearbook. * 


Expenditure am tobacco sm Japan accord- 
ini t0 income 



Monthly household 

Annual income 

expenditure on 

(1000 yen) 

tobacco (pen) 

<2900 

1424 

2910-4900 

1260 

j>4900 

1213 


It is suggested that less smoking may take 
place in the more well-to-do households, 
coupled with less exposure to soot and fumes 
from cooking and beating appliances. In 
contrast, there may be more smoking and 
greater pollution in less wealthy households. 
Thus, while Dr Hirayama may indeed have 
observed an important phenomenon, the 
reasons for the increased rates of lung cancer 
in the wives of smoking husbands may not lie 
in their exposure to tobacco smoke. Rather, 
the greater exposure of women from lower 
socioeconomic classes to the combustion 
products of cooking and beating fires may 
account for the observed increase in lung 
mortality. Dr Hirayama’* finding of increased 
standardised hing cancer mortality rates in 
rural areas, where charcoal and kerosene 
heating have tended to persist, when compared 
to urban areas, where there is a higher pro¬ 
portion of “modernised” homes with electric 
heating, would seem to support this hypothesis. 

Dr Hirayama is an experienced member of 
the epidemiology community and h is hoped 
that he will expand his investigation to include 
the effects of indoor pollution to which 
Japanese women may have been exposed. 

T D Sterling 

Simon Ftm*t Unmniiy, 

Burnaby, British Columbu, 

Can*da V5A 1S6 
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caking and a unpleasant *o the patient, if 
not dangerous; and, secondly, the desire of 
the clinician to have some *-r*y plates to 
look at and interpret in addition to the radio¬ 
logist*! report, rather ihan having to rely 
entirely on -he mdoscooist. One can under- 
*tand the second reason, ?s peer ally where the 
clinician is keen to be closely associated with 
his patient's investigations wherever possible; 
but I do not think it is a good reason. As for 
the first* 1 think this reflects the fact that so 
many endoscopies are carried out without 
adequate supervision by senior or well- 
trained clinicians, which may resuh in a poor 
diagnostic yield, unreliability, and—what n 
probably an even more important factor in 
militating against the use of endoscopy as a 
primary procedure—considerable discomfort 
and even distress to the patient. Where 
endoscopy services are properly organised and 
the examinations are carried out only by fully 
committed specialists or specialists in training, 
these objections should not apply. After all, 
we do not expect our registrars or ourselves 
to wander into an x-ray department and carry 
out the occasional barium roeaL 

I would therefore disagree with your 
opinion strongly and suggest that in the 
not-too-far-distant future an endoscopy will 
be widely regarded as the investigation of 
first choice in patients with any form of upper 
gastrointestinal symptom. 

J S Kijucham 

St Jamei'i Hospital, 

London SW12 BHW 


Non-smoking wives of heavy smokers 
have a higher risk of lung cancer 

Sm,—Dr Takeshi Hirayama (17 January, 
p 183) states that there is an increased 
King cancer risk in non-smoking Japanese 
women married to heavy smokers. If his 
results were to be interpreted in favour of a 
positive relationship between passive smoking 
and lung cancer, considerable implications 
might be drawn for health policies in general. 
In our opinion, his documentation and 
conclusions invite critical comment for several 
reasons. 

The study is hampered by certain inade¬ 
quacies. There is no definition of histological 
types in the lung cancers recorded in these 
women. For quite some time—st least since 
die paper of Wynder gi aP —female lung 
cancer has been known to include a high 
proportion of adenocarcinomas and alveolar 
cell carcinomas. Moreover, Dr Hirayama*i 
study fails to explain a lung cancer mortality 
me of 18/100 000 in unmarried non-smoking 
women with reference to the fact that the 101 
unmarried women dying of lung cancer were 
likely to have been recruited from smokers 
and non-smokers in the same proportion as 
their married compatriots. However, in the 
non-smoking wives of smokers the respective 
mortality me is only 14 6/100 000. The 
proffered argument that unmarried women are 
more likely to be smokers than married ones 
could support the first assumption only if 
more than 50% of all unmarried women were 
actually smokers. This is highly improbable 
since the author admits that not more than 
15% of Japanese women smoke at ail. 

Surprisingly, the study maintains that the 
non-smoking wives of heavy smokers are more 
likely to get lung cancer in rural than in urban 
pans of Jspan, thereby disagreeing with the 
results of other studies from various countries. 


In Germany Ulmer* found that from 1971 to 
1975 women living in an urban district died of 
bronchial carcinoma 2 19 times more often 
than those in a comparable rural district. None 
of the recent studies on passive smoking has 
asserted a correlation between passive smoking 
and the development of lung cancer* “• cxcrpt 
for a paper by Tnchopoulos ei oV whose small 
number of inappropriately selected cases appears 
unable to yield convincing results. One well- 
known effect of passive smoking is the irrita¬ 
tion of eyes, nose, and throat which may even 
lead to reduced mtiimtl pulmonary function; 
another is the impairment of p o w er s of 
concentration felt by nan-amokers dwelling in 
smoke-infested rooms.* -1 * 

A dose-effect relationship in the develop¬ 
ment of malignancy is undisputed. Passive 
smokers living and working in smoke-infested 
rooms will take up smoke mainly through the 
nose (like pipe smokers), using the natural 
filter that smokers evade. (This explains the 
fret that the lung cancer rate is not raised 
among non-inhaling pipe smokers and cigar 
smokers.) The side-stream smoke, involun¬ 
tarily taken up by the passive smoker, does still 
contain a high level of the noxious substances 
contained in tobacco, but they are diluted and 
weakened by normal room ventilation. u If we 
assume that the effect of 20 ‘^passively smoked'* 
cigarettes approximately equals that of one 
“active** (inhaled) cigarette, the carcinogenic 
substances diluted in this smoke would have to 
act at incredibly low c on centrat ions to produce 
the alleged effect. In view of the dose-effect 
correlation this is highly improbable. 

In view of so many open questions Dr 
Hirayama’s conclusions do not appear very 
well founded. His paper, however, may 
stimulate further studies of greater statistical 
reliability. 

E Grundmann 
K-M Muller 
K D Winter 
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Sir,—D r Takeshi Hirayama*! repor t (17 
January, p 183) indicating that non-smoking 
Japanese wives of heavy smokers have an 
increased risk of lung cancer has far-reaching 
implications and needs to be seriously exam¬ 
ined. In this regard the study apparently failed 
to consider the exposure of Japanese women to 
indoor air pollution from household heating 
and cooking equipment. Traditionally, that 
equipment was fuelled by wood or charcoal; in 
recent years many homes have convened to 
kerosene burning. 1 Smoke from wood fires has 
been suggested as a factor in lung cancer 
aetiology, 1 and cooking with kerosene stoves 


has been associated with lung cancer in women 
in Hong Kong.* 

If nearly all Japanese women were exposed 
similarly to home pollution, this phenomenon 
would not present an e .idu liological problem. 
However, there is son* atce that the more 

welKto-do tend to * ^.-iteT separation 
between living and coo'ting quarters and to use 
electric heaters instead of charcoal or kerosene 
burners. 4 Thus women in better economic 
circumstances may not be exposed to the same 
level of pollutants as women in lower-income 
households. 

The additional problem is that smoking 
habits may be related to socioeconomic status. 
Smoking has been shown to be related to social 
class in Western countries such as the United 
Sutes and United Kingdom.*** While similar 
data on smoking habits and socioeconomic 
status do not appear to be available for Japtan, 
some information is available to show an 
inverse relationship between economic status 
and smoking. In the able I give avenged 
monthly household expenditure on tobacco by 
annual income extracted from the 1980 Japan 
Statistical Yearbook.* 


Expenditure cm tob a cco in Japan accord - 
ing to income 



Monthly household 

Annual income 

expenditure on 

(1000 yen) 

tobacco (yen) 

<2900 

1424 

2910-4900 

1260 

>4900 

1213 


It is suggested that less smoking may take 
place in the more wellrto-do households, 
coupled with less exposure to soot and fumes 
from cooking and heating appliances. In 
contrast, there may be more smoking and 
greater pollution in less wealthy households. 
Thus, while Dr Hinyama may indeed have 
observed an important phenomenon, the 
reasons for the increased rates of lung cancer 
in the wives of smoking husbands may not lie 
in their exposure to tobacco smoke. Rather, 
the greater exposure of women from lower 
socioeconomic classes to the combustion 
products of cooking and beating fires may 
account for the observed increase in lung 
mortality. Dr Hirayama*! finding of increased 
standardised lung cancer mortality rates in 
rural areas, where charcoal and kerosene 
heating have tended to persist, when compared 
to urban areas, where there is a higher pro¬ 
portion of “modernised** homes with electric 
heating, would seem to support this hypothesis. 

Dr Hirayama is an experienced member of 
the epidemiology community and it is hoped 
that he will expand his investigation to include 
the effects of indoor pollution to which 
Japanese women may have been exposed. 

T D Sterling 
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(uncertified translation) 


Franz Adlkofer 


The Problems of Passive Smoking 


People are faced day and night with reports about the presence 
of noxious, in particular carcinogenic, substances in almost 
all spheres of life. They are found in our food and drink etc. 
just as much as in the air we breathe. Thereby the impression 
is created that all these substances are man-made and the 
result of industrialisation. In truth many of them occur 
throughout nature and mankind has been exposed to them since 
the beginning of phytogenesis. In order to survive at all in 
such a hostile environment, Man has over millions of years 
developed effective defence systems, already recognised by 
Paracelsus and reflected in his doctrine: "dosis facit 
venenum". Whether this applies to carcinogenic substances too, 
which would be plausible, is at present the subject of 
controversial discussion,. There are those who are convinced 
that the biological defence systems only break down if they are 
metabolically over-loaded; there are ample examples of this. 
They do not believe that the simple mechanistic view is tenable 
according to which injury to health occurs in direct proportion 
to the cancerogenic substances absorbed and thus believe in the 
existence of a threshold in respect of these substances/ In 
contrast, there are others who will not budge from their 
opinion that even one cigarette per day or one puff from a 
cigarette or even the fact of passive smoking will contribute 
to bring about cancer some decades later. This controversy 
will endure until we understand the molecular and cellular 
mechanisms which trigger off cancer in individuals -- and we 
are still far from that day. The following article is intended 
to show the present state of scientific research into the 
problem of passive smoking, which leads us to the conclusion 
that a minimal risk to health through passive smoking cannot be 
either excluded or proved. 

The historical background 




In Europe the battle of Authority against smoking goes back to 
the 17th century. The many prohibitions against smoking issued 
in almost all countries were based on a variety of reasons, but 
hardly ever on the grounds of it being a nuisance, let alone a 
possible risk to the health of non-smokers. It was left to our 
Federal Government to recognise, at the beginning of the 
seventies, •'with adequate certainty that the proved injury to 
health through smoking can also occur through passive smoking 
in the same way although to a lesser degree" (Bundestag Printed 
Matter 7/2070). This is the more astonishing as, at that time, 
scientific research into passive smoking: had not even begun in 
earnest. To what extent such an evident analogism can be used 
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to justify a statement of that nature was not even investigated 
at the time. At any rate the world of science felt called upon 
to pay more attention to the problem of passive smoking. In so 
doing it was following a world-wide trend which had been set in 
motion and which was being maintained by the ever more heated 
discussion about the risks to health through smoking. To date 
a vast number of papers have been published and many congresses 
held on the subject of passive smoking. Two original papers 
and two review articles stand out from the almost overwhelming 
mass of literature. The two original papers, of which one is 
scientifically without value and the other subject to a great 
deal of doubt,, have contributed to heating up the discussion 
about passive smoking throughout the world, whereas the review 
articles, which differ greatly in quality, have done the same 
within the Federal Republic. 

In 1980, the 'New England Journal of Medecine' published the 
results of a study by White and Froeb showing that chronic 
exposure to tobacco smoke at work brought about a significant 
deterioration in the lung function of non-smokers. So far as 
the authors were concerned, and those who wanted to believe it, 
this paper for the first time provided proof of the harmfulness 
of passive smoking. In fact, however, the results obtained by 
White and Froeb are not scientically tenable. Professor 
Lebowitz„ one of the co-authors of the American' Surgeon 
General's Report, for instance, declared the following at a 
hearing in Washington: "The basic problem with the White*and 
Froeb study is that it was ill-planned from the epidemiological 
point of view. The difficulties are inherent in the paper from 
its very beginning to the statistical analysis ana affect all 
data and the conclusions. The fact that some time between 
1976/77 and the time when the study was published 3G00 people 
were taken out of it, whereby the results suddenly became 
significant, is particularly remarkable. Unfortunately Dr. 
White cannot remember why he removed these 3000 people from, his 
study.'* Following a visit to Dr. White, Professor Gostomzyk, 
Head of the Health Office of the city of Augsburg and 
Dr. Heller of the Institute for Mathematical Economic Theory of 
Karlsruhe University commented in a similar manner. They 
summarised their impressions as follows: "The working methods 
of Dr. White are not those of a scientist but are more like 
those of a layman convinced of his ideas". Quite irrespective 
of this shattering assessment the work fulfilled its purpose in 
that for the first time it rendered smokers responsible for 
damaging the health of their fellow-men. It enabled Dr. White 
who is a sports teacher and active in the Californian 
anti-smoking movement to influence a plebiscite in California 
on smoking \r\ public places and at work. In addition It is 
quoted by other authors whenever the injurious effect of 
passive smoking on the lung function of non-smokers is 
emphasised. In "Berichte (Reports) 3/86” of the Federal Office 
for the Environment It is even regarded as the only paper of 
its kind which can withstand criticism. It is therefore not to 
be wondered at that the Council of Experts on the Environment 
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used it to bolster up the ideas contained in its recently 
completed Expert Opinion. 


One year later there appeared in the 'British Medical Journal' 
the publication of Hirayama*'s further results of a cohort-study 
begun in 1965 on the influence of life-style and environmental 
factors on the origins of disease in Japan. A side-result of 
this study had been that non-smoking wives of smoking husbands 
die more frequently of lung cancer and - for whatever reason - 
commit suicide more often than non-smoking wives of non-smoking 
husbands. This study, which even today remains the most 
important of all the epidemiological studies undertaken into 
the problems of passive smoking and which has provided a new 
dimension for the discussion of this issue, constitutes a 
watershed. For some it is the final proof of the risk of 
cancer through passive smoking, for others it is no more than 
an unscientific fabrication in which figures were manipulated 
until they attained the desired level of significance for the 
dose/response ratio. Whatever may be right, the study leaves 
many questions open and there are hypotheses on the basis of 
which the findings can be explained without reference to 
passive smoking. The real scandal however is that Dr. Hirayama 
is neither willing nor can be forced to lay his original data 
open for examination., Only a few weeks ago he answered with a 
smile an invitation to do so at a Tokyo symposium. 


In> 1985 the Senate Commission of Enquiry into Substances 
Noxious to Health included passive smoking in the MAK-List. In 
a detailed statement of motive, it endeavoured to' justify its 
suspicion of passive smoking as being carcinogenic. In. so 
doing the Senate Commission was aware of the fact that the 
causal link betwen passive smoking and lung cancer is the 
subject of controversial discussion and that the available 
epidemiological findings can at best indicate a serious 
hypothesis. According to its principles, carcinogenic 
substances should if possible be wholly shunned at work or, 
where this is not possible, they should be kept as low as 
possible, since the Commission does not assume there to be 
threshold values for these substances. Because tobacco smoke 
contains mutagenic and carcinogenic substances the Commission' 
considers the inclusion of passive smoking in the MAK-List to 
be obligatory and it even feels that this would have been 
possible many years ago. It does, however, seem doubtful 
whether any relevant statement concerning dangers to health 
through passive smoking can be made on this basis without it 
being backed by any epidemiological findings or animal 
experiments. From the point of view of preventive medecine it 
would be necessary to quantify the risks in order to establish 
priorities for protective measures. But it is just this that 
the Senate Commission declares to be impossible at present. 
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This year the Tubingen toxicologist Professor Remmer, who is a 
member of the Senate Commission and a zealous supporter of the 
inclusion of passive smoking in the MAK-List, published; a paper 
in the ’Deutsche Medizinische Wochenschrift' in. which tobacco 
smoke is described as the most dangerous noxious substance to 
man in the air we breathe. He had noticed that in many 
epidemiological studies the difference in the risk of lung 
cancer through smoking and through passive smoking was too 
small for the risk incurred through passive smoking to be 
plausible. To explain this evident discrepancy Professor 
Remmer based himself on some very arbitrarily selected; 
literature in order to draw up a theory according to which 
active smoking may cause far less cancer than passive smoking. 
It is believed that certain compounds contained in the 
mainstream smoke induce enzymes which detoxify the carcinogenic 
substances. VJhereas in the sidestream smoke, to which passive 
smokers are exposed, these compounds are only found in 
ineffectively weak concentrations. Therefore,, in contrast to 
what happens in the case of active smoking,, very small 
quantities of inhaled carcinogenics could become fully 
effective. This theory is not supported by any scientific 
findings. Interpretation has taken the place of findings, 
which stands the process of acquiring knowledge on its head, as 
has been noted by the Research Council on Smoking and Health in 
a letter to the editor of the 'Deutsche Medizinische 
Wochenschrift'. 


The Driving Forces 


Bearing in mind the many risks to health to which we are daily 
exposed, passive smoking,, which is considered a non-problem by 
many scientists, takes up an astonishing amount of room in 
public discussion. The question arises as to what may be the 
reasons which, despite the factual situation,, keep the 
discussion on passive smoking going, and render it ever more 
passionate. I should like to pinpoint some of these reasons as 
follows: 


Environmental consciousness has considerably increased in the 
course of the past decade. Therefore successful efforts have 
been made to reduce air pollution in our large cities and; 
industrial conurbations as well as at the place of work 
without, however, even nearly attaining the desired goal of 
nil-pollution. More attention is being paid to indoor air 
pollution to which tobacco smoke contributes to a considerable 
degree because of the wide-spread habit of smoking. Modern 
methods of chemical analysis make it possible to discover even 
the minutest quantities of noxious substances. Although this 
is far from telling us anything about their toxicological 
significance, a need to act is created because people believe 
that ever less pollution must lead to ever better health. They 
leave out of account the doctrine of Paracelsus, which says 
that "the dose makes the poison." 
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Responsible politicians interested in health issues are bound 
to act in the interests of the people entrusted to their care, 
as soon as they are "adequately certain" that passive smoking 
may lead to a health risk for non-smokers. They cannot afford 
to wait until "a line of sick people, invalids and dead bodies 
can be produced to prove that they have fallen victim to 
passive smoking" as it was expressed in a Bundestag Printed 
Matter of 1974. Since politicians can hardly themselves have 
the scientific training to assess the risks, they must rely on 
the knowledge of others. This offers lobbies a chance to 
influence health policy decisions in one way or another. 

A pluralistic society such as ours has lobbies. And it is they 
who have by now removed the subject of passive smoking from 
scientific discussion and have put it on the political stage. 
It would be wrong to impute this to bad intentions. Inadequate 
or biassed occupation with the problem, or general insecurity 
with regard to scientific comprehension, are quite enough. 

There are certain branches of industry and their 
corresponding trade associations who seem to believe that 
the term occupational cancer has lost its raison d'etre. 
So far as they are concerned lung cancer stems from 
smoking only, and in the case of a non-smoker, well then 
it is due to passive smoking. The trade unions woul^ be 
well advised to discover the error of their ways in good 
time and to protect their members from its pernicious 
consequences. 

There are anti-smoking movements which, after years of 
guerilla warfare against smoking, have had to realise that 
smokers react with surprising indifference to reproaches, 
of self-inflicted injury or being a nuisance to others. 
It is the aim of the anti-smoking movements to bring about 
a smoke-free society by the year 2000. The means to 
attain this end is the social ostracism, of smoking. No 
argument is better for this purpose than to maintain that 
by their inconsiderate behaviour smokers endanger the 
health of their fellow-men. 

Certainly the cigarette industry would also have liked to 
intervene in the process of shaping public opinion. After 
all, 90% of the public by now believe that the harmfulness 
of passive smoking has been proved and is hardly less than 
that of active smoking. But the industry*s chances are 
poor, since it has an economic interest in the matter, 
and has a reputation for greed into the bargain. 
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Tobacco Smoke in Enclosed Spaces 

Tobacco smoke in enclosed spaces consists of a mixture of about 
15/20% exhaled mainstream smoke and 80/85% sidestream smoke. 
The mainstream component is very different from the sidestream 
component. Both originate in the burning zone of the 
cigarette, but at different temperatures. Mainstream, smoke is 
inhaled by the smoker and in part exhaled again. Sidestream 
smoke originates between the puffs taken by the smoker and is 
released directly into the room, where it is diluted. 
Mainstream and sidestream tobacco smoke in a room are composed 
of a gaseous and a particle phase. More than 90% of the weight 
is accounted for by the gaseous phase. Quantitatively 
significant compounds are: vapour, carbon dioxide, carbon 
monoxide, ammonia, aldehyde and nicotine. Tobacco smoke in the 
room contains mainly the same substances as the mainstream 
smoke. Table 1 shows the concentrations of main and sidestream 
smoke in the air of the enclosed space under approximately 
realistic conditions. 


There does not at present exist any reliable marker for tobacco 
pollution in enclosed spaces. The reason for this is that the 
sidestream smoke from cigarettes, cigars and pipes differs from 
product to product, that smokers as individuals and' as between 
individuals produce different amounts of main and sidesti*eam 
smoke, and that tobacco smoke in the air rapidly changes its 
composition as it ages. In addition, air in an enclosed space 
often contains substances which do not stem from tobacco smoke, 
and in some cases this kind of pollution can be greater than 
that caused by the tobacco smoke. Nicotine seems to be the 
most suitable marker for tobacco smoke in an enclosed space; 
95% of it is part of the gaseous phase and not of the particle 
phase as in the mainstream smoke. Nicotine occurs in the 
enclosed air only if in fact there has been smoking. Carbon 
monoxide and other substances are less suitable as markers. 
They can only be employed where the basic pollution has been 
established first. 


Undiluted sidestream smoke contains larger quantities of some 
carcinogenic substances such as polycyclic aromatic 
carbohydrates and volatile N-nitroso-compounds than are 
contained in the mainsmoke stream. Accordingly, the 
carcinogenic potential of sidestream smoke could be a little 
greater than that of the mainstream smoke, given equal 
quantities of substance. In their 19G7 test on the skin of 
nice V7ynder and Hoffman found that an application of condensate 
from sidestream smoke caused more tumors than an application of 
condensate from mainstream smoke. The gaseous phase was 
wholly neglected in this experiment. The same working party 
carried out inhalation experiments with hamsters, but no 
histological results are yet available. Astonishingly enough, 
however, the animals treated with main- and sidestream smoke 
lived longer than the untreated control animals. 
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One problem in comparing the carcinogenic potential of main- 
and sidestream smoke lies in the fact that mainstream smoke is 
immediately inhaled whilst sidestream smoke ages when released 
into the air and thereby loses much of its toxic potential. It 
is not known' to what extent this is also true for its mutagenic 
and carcinogenic potential. The one thing that is sure is that 
in the course of time its composition changes considerably 
because of dilution, evaporation, oxidation, other chemical 
reactions, and selective surface absorption. The few available 
comparative studies of main- and sidestream smoke, which were 
mainly carried out to measure mutagenic potential are either 
faulty or have produced contradictory results. Nevertheless, 
some scientists still insist that tobacco smoke in an enclosed 
space is more carcinogenic than mainstream smoke. This 
hypothesis is based on a comparison of fewer than 100 
substances — of the 3800 compounds identified in tobacco 
smoke, this is a very modest fraction. It leaves out of 
account both the very considerable dilution of sidestream smoke 
in the enclosed air and the ageing process. 

As compared with former times, sidestream smoke to-day releases 
fewer mutagenic and carcinogenic substances since the smokers 
of modern cigarettes produce more mainstream and less 
sidestream smoke because of the halving of the nicotine and 
condensate content which' has taken place over the years. The 
reason! for this lies in the lower tobacco content in cigarettes 
and improved filter techniques. It is likely that the* 
reductions reach up to 20%. The figures obtained with: 
smoking-machines, which argue in favour of a disproportionately 
high release of carcinogenic compounds in the sidestream smoke 
do not reflect this development because smoking-machines 
simulate the smoking habits of the nineteen-fifties. 

Studies undertaken so far show that the components of tobacco 
smoke are variously distributed in the main- and sidestream as 
well as in the indoor air. For that reason alone it is not 
possible to extrapolate from the risks of the smoker to those 
of the passive smoker. 


Inhalation of Tobacco Smoke through Passive Smoking 

Effects of passive smoking on health can be expected if the 
noxious substances thus inhaled are sufficient to overcome the 
physiological defence system of man. Only a little more than 
10% of the particle phase of tobacco smoke is retained in the 
respiratory passages according to Hiller. Only part of this is 
resorbed, since the lungs have an effective cleansing 
mechanism. In contrast to this, something between 45% and 95% 
of the particle phase of the mainstream smoke is retained in 
the lungs of the smoker, this smoke being highly concentrated 
as compared with the tobacco smoke in the enclosed space. Of 


mm 


Source: https://www.industrydocuments.ucsf.edu/docs/szpxOOOO 


2023513473 




the gaseous phase of tobacco smoke in the enclosed air, mainl'y 
those compounds are resorbed in the nose and throat area and 
the upper respiratory tracts, which are easily soluble in water 
and/or chemically highly reactive. They are substances such 
as: formaldehyde,, acetaldehyde acrolein, acetone, ammonia, and 
possibly also nicotine, ozone and free radicals. Insoluble and 
not highly reactive compounds such as carbohydrate can indeed 
reach the alveolar space of the lungs, but their rate of 
retention is very low. The mainstream smoke contains the major 
part of carcinogenic compounds in the particle phase. Whether 
this is also true of tobacco smoke in an enclosed space is not 
known, though there are some indications that this may be so. 

Table 1 


Important substances of tobacco smoke in mainstream smoke (HSR) 
and sidestream smoke (NSR) of cigarettes in an enclosed air 
space under approximately realistic conditions. 


Substance 


HSR 

Quantity/ 
Cigarette 

NSR Concentration in 

enclosed space 

Carbon monoxide 

(CO) 

2-20 mg 

46-61 mg 3,6- 

24 mg/m3 

Nitrogen oxide 

(NO) 

0,07-0,17 mg 

1,6-3 me 8 3- 

(3-20) ppm. 

333 ug/m 3 

Nitrogen dioxide (NOu) 

n .n. 

0,16 mg 19- 

(50-200 ppb) 

132 ug/m' 3 

Ammonia (NH^) 


50 ug 

5300-8500 ug 

(10-70' ppb) , 
100-450 ug : /m 

Cyanide (HC) 


150-550 ug 

100-250 ug 

10-120 ug/m 3 

Formaldehyde 


20-90 ug 

450-1500 ug 

20-100 ug/m 3 

Acetaldehyde 


18-1400 uc 

2400 ug 

400-500 ug/m 3 

Acrolein 


25-140 ug 

925 ug 

15-25 ug/m 3 

Nicotine 


0,5-2 mg 

3-4 mg. 

20-100 ug/n 3 

Phenol 


10-130 ug 

270-320 ug 

< 1-20 ug/nu 

Benzol 


10-100 ug 

488 ug 

5-16 ug/m 3 

Volatile Nitrosamines 
NDMA 

0, 2-20 ng 

155-398 ng 

5-70 ng/m 3 

NDYR 


2,4-29 ng 

7-150 ng 

1-5 ng/rn 


Nitrosamines specific 
to tobacco 


NNN 

0,20-5,5 ug 

0,15-6 uq 

< 

1- 6 ng/m 3 l. 

2- 11 ng/m 3 ' 

NNK 

0,1-4,2 ug 

0,2-0,8 ug 

< 

Eenzo (a)pyrene 
Cadmium 

Particles (TPM) 

10-50 ng 

100 ng 

5-30 mg 

25-103 ng 
430-720 ng 
20-50 mg 

0 

3-25 ng/m 3 
9-31 ng/m 3 
,1-0,5 ng/irv 
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Attempts have been made to quantify, with the aid of various 
biochemical markers, the absorption of tobacco smoke through 
smoking and passive smoking. A reliable marker should be 
tobacco-smoke-specific and should, in resorption, behave as 
those substances which entail the greatest risk to health. 
Compounds which are resorbed in the nose and throat area should 
therefore, not be used to assess the risks of lung cancer. 
Biochemical markers which would answer these requirements are 
not yet known. The most suitable seems to be cotinine, a 
nicotine metabolite. Nicotine and cotinine in body fluids 
prove exposure to tobacco. However, it is difficult, or even 
impossible, to quantify the exposure. In passive smoking 
nicotine acts only partly like the mutagenic and carcinogenic 
compounds of the particle phase. Tobacco smoke in enclosed air 
contains it in the gaseous phase, as has been pointed out, and 
not in the particle phase as is the case with mainstream smoke. 
Nicotine occurs as a base and is more quickly resorbed in this 
form than the protonised nicotine of the mainstream smoke. To 
some extent this already happens in the nose and throat area 
and the upper respiratory tracts. Nicotine, the half-life of 
which is short at 30 minutes is also differently metabolised' as 
between one individual and another. In passive smokers the 
half-life of cotinine, which is 15 to 25 hours in smokers, is 
further reduced. The cotinine level in the serum, and the 
nicotine and cotinine excretion in urine are considerably 
influenced thereby, so that they are only of limited value as 
a measure for the absorption of tobacco smoke. In no>‘ 
circumstances should such data be considered suitable for the 
assessment of the lung-cancer risk. This is true even where 
they may show a correlation with' tobacco pollution, as has 
emerged from some experiments. Nonetheless some authors 

maintain the view that passive smokers inhale up to 1% of the 
amount of tobacco smoke inhaled by smokers and conclude 
therefrom that they are exposed to about 1% of the risk to 
which smokers are exposed. Table 2 shows the nicotine and 
cotinine concentrations in the body fluids of smokers and 
passive smokers. 

Alongside nicotine, carboxyhaemoglobin and thiocyanate 
contained in serum are also used to measure the exposure of 
non-smokers to tobacco. They are however even less suited than 
nicotine or cotinine to establish the exposure to tobacco. 
Carbon monoxide which is formed in the body’s own metabolism 
normally leads to an approximately 0.7% concentration of 
carboxyhaemoglobin. As a rule no increase, or only a small 
increase, is found in passive smokers. It is only under 
extreme conditions and after an exposure to tobacco of severa1 
hours that a carboxyhaemoglobin value of 2% can be attained. 
Thiocyanate stems from hydrogen cyanide which also occurs in 
tobacco smoke. Both carbon monoxide and hydrogen cyanide (or 
cyanide ions) are tobacco-smoke unspecific and can be found in 
the air or in food, and also in concentrations which can be 
much higher than .those found in tobacco smoke in enclosed 
spaces. 
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Croups studied/Exposure 


N 


Resul1 


literature 


Clinical Staff __ 

- not exposed (a .itu ) 

- exposed (a.m.) 

- cigarette smokers 
(average inhalers) 

Patients and Clinical Staff 

- not exposed 

- exposed 

- Cigarette smokers 
Husbands 

- non-smoking wife 

- smoking wife 

Clerical Staff 

Blood samples at 11-30 and 
19.43 (in between* two hours 
in a smoke-filled bar) 


Ambulant patients 
* non-smokers, not exposed 


- non-smokers, exposed 


- Smokers 


30 

Nicotine 

in 

urine: 7.5; B 

. 3 ng/in 1 

26 

Nicotine 

in 

urine: 21.6- 28 

.8 ng/ml 

32 

Nicotine 

in 

urine:1343.4- 1699 

.8 ng/ml 

22 

Cotinine 

in 

urine: 2.0 ng/ml 

(Median) 

199 

Cotinine 

in 

urine: 6.D ng/ml 

(Median) 

131 

Cotinine 

ini 

urine 1645.0 ng/ml 

(Median) 

101 

Cotinine 

in 

urine: 8.5; 1 

.3 ng/ml 

20 

Cotinine 

in 

urine: 25.2- 14 

.8 ng/ml 





II 

. 3o 

19.4 5 

7 

Nicotine 

in 

Plasma 

0. S 

2.5 ng/ml 


Nicotine 

in 

urine 

10.5 

92.6 ng/ml 


Cotinine 

in 

Plasma 

1 . 1 

7.3 ng/ml 


Cotinine 

in 

Saliva 

1 .5 

8.0 ng/ml 


Cotinine 

in 

urine 

4 .8 

12.9 ng/ml 


46 

Nicotine 

in 

plasma: 

1 

0J 

ng/ml 


Nicotine 

in 

urine : 

3 

8 7 

ng/hli 


Cotinine 

in 

plasma: 

0 

82 

ng/ml' 


Cotinine 

in 

saliva: 

0 

73 

ng/mil 


Cotinine 

in 

urine: 

1 

5 S 

n c/ml 1 

54 

Nicotine 

in 

plasma: 

0 

TT 

ng/ml' 


Nicotine 

in 

urine: 

12 

11 

ng/ml 


Cotinine 

in 

Pj asma 

2 

.04 

ng/nli 


Cotinine 

in 

saliva: 

2 , 

.4$ 

ng/ml 


Cotinine 

in 

urine : 

7, 

. 7,1 

ng/ml 

94 

Nicotine 

in 

plasma: 

14 , 

7T~ 

ng/ml 


Nicotine 

in 

urine: 

1749 

.9 

ng/r.l 


Cotinine 

in 

plasma: 

275, 

. 2 

ng/ml 


Cotinine 

in 

saIiva : 

309, 

. 0 

ng/r.l 


Cotinine 

in 

urine : 

139li 

.0 

ng/ml 


Feyerabcnd et al 1982 


Wald et al. 1984 
Wald and Ritchie 1984 


Jarvis et al. 1983 


Jarvis et al. 1984 
Russel 1987 



Staff 


Cleric!1 staff 




. „ * 

1.5 ng/rl 

not exposed 

20 

Cotinine 

in plasma 

: 


Cotinine 

inurine 

: 8.3- 

6.7 ng/r.l 

Waiters.Waitresses 





4.0' ng/nl 

exposed 

26 

Cotinine 

in plasma 

: 10.0- 


Cotinine 

in urine: 

56 - 

37 ng/r.l 

Smokers 

22 

Cotinine 

in plasma 

:246; 

91 ng/ml 



Cotinine 

in urine: 

TS7S- 

765 ng/ml 


Husgafvc1 - Pusiaincn 
e t a 1. 19 S 7. 


Table 2: Nicotine and cotinine in body fluids of non-smokers and not exposed to tobacco 
under real conditions 
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Groups studicd/exposure _ 

Clinical Staff 

- not exposed (a.m.) 

- exposed (a.m,) 

- cigarette smokers 
(average inhalers) 

Patients and Clinical Staff 

- not exposed 

- exposed 

- Cigarette smokers 
Husbands 

- non-smoking wife 

- smoking wife 

Clerical Staff 

Hlood samples at 11.30 and 
19.45 (in between, two hours 
in a smoke- filied bar) 


Ambulant patients 
- non-smokers, not exposed 


non-smokers, exposed 


Smokers 




N Result 


30 

Nicotine 

in 

* n r * 

urine: 7.5- 

8 

.3 ng/ml 

26 

Nicotine 

in 

urine: 21.6- 

28 

.8 ng/ml 

32 

Nicotine 

in 

urine : 1 34 3.4- 

1099 

.8 ng/ml 

22 

Cot inine 

in 

urinc; 2.0 

ng/ml 

(Median) 

199 

Cot inino 

in 

urine: 0,0 

ng/ml 

(Median) 

131 

Cot inine 

in 

urine 1645,0 

ng/ml 

(Median) 

101 

Cot inine 

in 

urine: 8.5^ 

1 

.3 ng/ml 

20 

Cotinine 

in 

urine: 25.2 - 

14 

.8 ng/ml 






. 3o 

1 l J . -1 5 

7 

Nicotine 

in 

P1asma 

0.8 

2.5 

ng/ml 


Nicotine 

in 

urine 

10.5 

9 2.6 

ng/ml 


Cotinine 

in 

Plasma 

1 . 1 

7 . 3 

ng/ml 


Cotinine 

in 

Saliva 

1 . 5 

8.0 

ng/ml 


Cotinine 

in 

urine 

4,8 

12.9 

ng/ml 


46 

Nico tine 
Nicotine 
Cotinine 
Cotin ine 
Cotinine 

in 
in 
in 
in 
i n 

plasma: 
urine : 
plasma: 
saliva; 
urine : 

1 .04 
3.87 
0,82 
0.73 

1 ,55 

ng/ml 
ng/ml 
ng/ml 
ng/ml 
ng/ ml 

54 

N icotine 

in 

p Lasma: 

0.77 

ng/mt 


Nicotinc 

in 

urine: 

12.11 

ng/ml 


Cotinine 

in 

Plasma: 

2.04 

ng/ml 


Cotinine 

in 

sal iva : 

2.48 

ng/ml 


Cotinine 

i n_ 

urino : 

7.71 

Jig/ml 

94 

Nicotino 

in 

p1asma: 

14.8 

ng/ml 


Nicot itic 

in 

urine: 

1749.9 

ng/ml 


Cotinine 

in 

p1asma: 

275.2 

ng/ml 


Cotin inc 

in 

saliva: 

309.9 

ng/ml 


Cotinine 

in 

urine: 

139 l .0 

ng/ml 



hiternture _ 

Feycrabend et al 1982 

lVald ct al . 1984 

Wald and Ritchie 1984 

Jarvis et al. 1983 

Jarvis et al , 1984 
Russel 1987 
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Clerical staff 





+ 


not exposed 

20 

Gotinine 

in 

plasma 

: 5,2- 

1.5 ng/ml 


Cotinine 

inurine 

: 8.3- 

6.7 ng/ml 

Waiters,Waitresses 





+ 


exposed 

26 

Cotinine 

in 

plasma 

: 10,0; 

4.0 ng/ml 


Cotinine 

in 

urine: 

56 - 

37 ng/ml 

Smokers 

22 

Cotinine 

in 

plasma 

: 246; 

91 ng/ml 



Cotinine 

in 

urine: 

1 578- 

76S ng/ml 


llusgafvel - 
et al. 1987 


Table 2; Nicotine and cotinine in body fluids of non-smokers and not exposed to tobaeeo 
under real conditions 
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According to a study carried out by the Bremen Institute for 
Preventive Research and Social Medecine we must assume that the 
total exposure of non-smokers lies in the private sphere to 
more than 60% r the main cause being smoking spouses. However, 
in working men and women exposure at the place of work also 
plays an important part. According to a study by Letzel and 
Johnson the daily exposure to tobacco smoke amounts to between 
1 to 2 hours for men and a little less for women. The duration 
of exposure fluctuates according to age and sex. 

Epidemiological Findings - Lung Function in Adults 


To date eight epidemiological studies are available , of which 
four point to a deterioration of lung function as a result of 
passive smoking. One of them is the paper by White and Froeb 
referred to earlier on, which does not attain scientific 
standards but is nevertheless the one most frequently quoted as 
evidence of lung damage through passive smoking. In the four 
other studies, including one from the Federal Republic, no 
influence of passive smoking on lung function was found. The 
problem with studies of this kind is that there are numerous 
environmental factors which can impair lung function and that 
it is difficult or even impossible to isolate one single cause. 
This is the view also taken in the 1986 Report of the Federal 
Environment Office. p 

Lure Function in Children 


There exist at least twenty epidemiological studies, all 
carried out in a similar manner, in which the influence of 
parental smoking on the lung function of children is examined'. 
Thirteen of them conclude that smoking by parents, especially 
by mothers, impairs the children's lung function. The 
differences between such children and others whose parents did 
not smoke were small and varied between less than 1% ana 8%. 

In an analysis presented on' the occasion of the "Indoor Air 
Conference 1 87 M in Berlin, Professor YJitorsch of the Virginia 
Commonwealth University (USA) doubted even this order of 
magnitude. He pointed out that in all these studies the 
socio-economic status of the parents and their children had 
been either left out of account altogether, or had been only 
very superficially taken into consideration. The 
socio-economic status however is related to smoking as well as 
to other factors which influence the measurement of children's 
lung function. Some of these are different attitudes to 
learning and an absence of motivation, which can have a 
negative effect on the test result. Moreover it is known that, 
as compared with non-smokers, smokers inhabit on the whole a 
lower socio-economic status which implies less favourable 
housing so far as area, size and equipment of accommodation are 
concerned, and with a less health-conscious life-style of the 
family with regard to nutrition, sports and other habits nndi 
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attltudfes. Here again it is virtually impossible in a 
statistical analysis to exclude all these 'confounding factors' 
as potentially contributory causes for a deterioration in the 
lung function and the appearance of pulmonary symptoms. In 
fairness it ought therefore to be conceded that the question 1 as 
to the extent to which passive smoking plays a part in all this 
has not yet been satisfactorily answered. The suspicion 
however remains. 

Coronary Heart Diseases 

So far a total of 7 epidemiological studies are known which 
deal with the possible influence of passive smoking in the 
genesis of coronary heart diseases. In his above-mentioned 
study Hirayama found that in non-smoking wives of smokers of 
more than 20 cigarettes per day, there was a relative risk of 
1.35. He did not, however, standardise other coronary risk 
factors such as hypertension or hyper-cholesterol-aemia. His 
observation is the more astonishing as in Japan smoking as such 
is of only limited significance for coronary heart disease. 
Garland and collaborators carried out a case-control study on 
wives of smokers and ex-smokers and established a relative risk 
of 2.7, which is marginally significant. Not to mention a few 
methodological problems which arise from this study, it is most 
remarkable that 15 of the 19 deaths were of wives of 
ex-smokers. This contradicts the findings relating: to smokers, 
whose relative risk after giving up smoking declines rapidly 
and after a few years becomes the same as that of non-smokers. 
Three of the remaining studies tend towards establishing a link 
between passive smoking and' coronary heart disease; two, 
including that by Garfinkel which is comparable to that by 
Hirayama, do not do so., The value of this study is doubted' 
even in the mainly politically-motivated report of the American 
Surgeon General. Too many problems of method seem unanswered 
and the doubts concerning the plausibility of the results 
obtained so far are evident. The risk of death through a 
myocardial infarct is two to three times higher in our Western' 
societies for smokers than for non-smokers. 

It seems that smoking combines with other existing risk factors 
rather than being an independent risk factor itself. Nicotine 
and carbon monoxide which' in theory are supposed to be 
responsible for the increased coronary risk to smokers cannet 
be potential causes as passive smokers absorb them only to a 
very small extent. This being so, Professor Schmahle was right 
when on one occasion he asked what could be the 'devilish 
substance* in tobacco smoke which could bring about such an 
increased coronary risk in indoor air. 

Lung Cancer 


In at least eight cohort-studies and 50 case-control studies a 
significant correlation was established between smoking and 
lung cancer. The relative risk of lung cancer to male smokers 
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of one to ten cigarettes per day covers a span from 1.9 to 4.6. 
Where more than 25 cigarettes ore smoked it rises to between 
4.6 and 25.1. Since indoor tobacco smoke also contains 


mutagenic and carcinogenic substances — though in much' smaller 
quantities than in the mainstream smoke inhaled by the smoker 



proper means to discover any link that may exist. But because 
the risk to be expected is much smaller f these studies must be 
planned and carried out as faultlessly as possible. Otherwise 
we are likely to get artefacts rather than results. 


So far three cohort studies are available,, of which one does 
not permit any conclusion to be drawn because of the small 
number of cases: only six non-smoking men and eight non-smoking 
women. The American paper by Garfinkel does not present any 
link between passive smoking and lung cancer. In contrast, 
Hirayama believes, in the paper already referred to, that he 
can prove the existence of a significant dose-response ratio. 
Because mass studies are much superior to> case control studies 
so far as the force of their evidence is concerned, and because 
Hirayama*s findings have so far provided the strongest 
arguments in favour of a cancer risk through passive smoking, I 
should like to take a closer look at his work. At a symposium 
a few weeks ago in Tokyo, Professor Ufcerla, a former chairman 
of the Federal Health. Office pointed out the following 
shortcomings of the paper in the presence of Dr. Hirayama: 

The paper was not planned in order to test the hypothesis 
that passive smoking is, or is not, associated with lung; 
cancer; 

The group examined was not representative of Japan so that 
there may have been a bias in selection; 

The indicator for exposure to passive smoking -- being 
married to a smoking husband — is neither reliable ncr 
valid and it is not specific? 


The indicator for the potential consequences of passive 
smoking — lung cancer as the cause of death in the death 
certificate -- is neither reliable nor valid; 


Various 'confounding factors' such as exposure at place of 
work, general air pollution, differences in nutrition, the 
type of medical treatment, etc., were not taken into 


account; 

A possible bias in the classification of women as 
non-smokers was not excluded, so that it may be assumed 
that there were some smokers amongst the non-smokers; 
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Almost nothing is known about the 200 deaths reported. 
There is not a single medical history available and' 
histological findings, and reports on autopsies are 
available in only 11.5% of the cases. 

In their re-analysis of Hirayama's data, Uberla and' Ahlborn 
found that the conclusions drawn by Hirayama on the basis of 
the data published so far are not cogent. When adjusted to the 
normal age-distribution in Japan the risk of lung cancer due to 
passive smoking disappeared altogether. In his address in 
Tokyo, Professor Kilpatrick of the Virginia Commonwealth 
University (USA) unreservedly agreed with this assessment. 

Apart from the cohort studies we now have 19 case control 
studies. The great majority of these find a relative risk of 
> 1.0 for lung cancer through passive smoking. The 

risk-increase which reaches a maximum of 3.23 is significant in 
only a small number of studies, and a dose/response ratio is 

established only rarely. Case control studies in which 
relative risks of 2 or less, i.e. low risk associations, are to 
be discovered must be faultlessly planned and carried out if 
they are to allow any conclusion to be drawn at all. 

Otherwise an increased risk found could be due to a bias or 

confounding factor. It does not really matter whether such a 
risk increase is significant or not. After all, significance 
is no more than a yardstick for the probability of the 
fortuitously obtained figure being really different from the 
one expected, it being assumed a priori that the classification 
cf cases is not governed by additional factors. p 

The first Report by the American: Surgeon General, the 1964 
Terry-Report, describes the criteria to be met bv 

epidemiological studies in order that a causal link may be 
assumed. In his review paper "Lung Cancer from Passive 
Smoking: Hypothesis or Convincing Evidence?" just recently 

published in the 'International Archives of Occupational and 
Environmental Health', Professor Uberla notes that in the 
epidemiological studies published so far these criteria have 
not, or only partly, been met. A similar conclusion was 
arrived at by Professor Wynder of the New York American Health: 
Foundation in his address in Tokyo a few weeks ago. The 

following must be taken into consideration when a causal link 
is examined: 

At a relative risk of <3 or even <2 the strength of the 
association is small in all studies. Therefore it would 
have been particularly important carefully to avoid 
possible mistakes of method, which was certainly not done. 
On the other hand there can be no doubt that even a 
slightly increased risk, if real, would be of great 
importance from the point of view of public health, given 
the widespread phenomenon of passive smoking. 
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As to the concordance of results within a study or between 
studies, many questions remain unanswered. Thus not all 
studies establish a link between passive smoking and lung 
cancer. In some cases such a link can be shown only 
through an analysis of sub-groups. In some studies the 
adenocarcinoma-rate only seems to have increased whereas 
in others it is only the rate of epithelium-carcinoma. 

Nor is the specificity of association, apparent in the 
relationship between the exposure and its consequences, 
properly assured. Neither the measure of exposure — 
usually obtained by asking about the spouse's smoking 
habits — nor the diagnosis of lung cancer are valid or 
specific in the light of available experience. In the 
light of Garfinkel's case-control study Wynder showed how 
difficult it is to carry out questioning correctly. If 
the questions were answered by the patient himself, the 
relative risk came to 1.0, if the spouse answered, it was 
0.92, and if the replies came from either daughter or son> 
the figure was 3.19, and when acquaintances were asked, it 
dropped to 0.77. Despite all these contradictions 
Garfinkel's study is regarded by some as a further proof 
of the risk of lung cancer through passive smoking because 
of its overall significantly-increased relative risk of 
2.1. In fact however, in view of the problems 
highlighted, it would rather seem to prove the opposite. 
According to Lee the possibility of misclassif icatipon 
constitutes the greatest problem for epidemiological ? 

studies of passive smoking, and especially for case 
control studies. Misclassification quite simply has its 
origin in wishful thinking to which patients, relatives' 
and researchers may be prone. Because of the human need 
to find a cause for a blow of fate the former tend to 
overestimate passive smoking as a possible cause, and the 
latter would like to see a preconceived opinion confirmed. 
Garfinkel and collaborators in fact point to the 
possibility of misclassification after they were compelled 
to find that about 40% of all patients registered as 
non-smokers in their sick-reports were in fact smokers. 

Lee calculated that a small percentage of women smokers 
erroneously classified as non-smokers was sufficient to 
falsify results and to show an increased risk of lung 
cancer through passive smoking. 

Problems arise with regard to time relationships. Though 
all epidemiological studies show that differing periods of 
latency precede the genesis of lung cancer due to exposure 
to passive smoking. But there is hardly one study in 
which passive smoking during childhood or youth has been 
properly taken into account. Since according to Doll and 
Pet© the period of exposure in terms of life-years seems 
to be more important than the magnitude of the dose, 
passive smoking extending from childhood through 
adolescence into adult age is supposed to be particularly 
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disadvantageous. Only Correa and collaborators made an effort 
to cover childhood smoking. They found that the relative risk 
of lung cancer was 1.0 where the father smoked and 1.66 where 
the mother did. This increased risk was significant only for 
male patients and did not apply to female patients. A further 
argument against the importance of passive smoking as a cause 
of lung cancer is prof erred by Wynder: the risk of lung cancer 
in non-smokers should in fact have risen over the past decades 
in parallel with the greater frequency of lung cancer in 
smokers if passive smoking were a causal factor. This is 
however not the case. 

In some studies a significant dose/response ratio was 
found, such as in the cohort study by Hirayama and in the 
Greek case control study by Trichopoulos. But Uberla 
describes this latter as a text-book example for all those 
mistakes which should be avoided at all cost in a case 
control study. There are several studies in which there 

is no pointer to a dose/response ratio. 

The case for biological plausibility is similar to that of 
the epidemiological findings. In both cases there is more 
than enough reason for doubt. First, one may well wonder 

whether a fraction of the substances inhaled by smokers 

can really trigger off a relatively high risk of lung 
cancer through passive smoking. Epithelium carcinoma 
fPiattenepithelkarzinom) which according to some studies 
-is supposed to be more than normally frequent in passive 
smokers begins in cilia-bearing cells which must have 

undergone metaplastic change. Auerbach and collaborators 
have shown that the preliminary stages of malignant 
changes in the bronchial tracts of passive smokers, namely 
metaplasia and dysplasia can hardly be proved and that the 
cilia of the cells seem to remain' intact. It is likely 
that no preliminary stages of bronchial carcinoma can be 
detected because passive smoking does not overload the 
physiological defence system of the lungs. There is much 
that argues in favour of this view. It is, however, not 
proved. 

Since 1986 one particular form of evaluating 
epidemiological studies on passive smoking has gained 
great importance: it is known as meta-analysis and 

amounts to the merging of all - or at least most - 
presently available studies for the purpose of increasing 
the number of cases and thereby to arrive at a more 
reliable conclusion. The first analysis of this nature 
led Professor Wald of St. Bartholomew's Hospital, London, 
to conclude that the relative risk of lung cancer for 
passive smoking is 1.30 and thus significantly increased. 
VJald’s paper was regarded as proof of the risk of lung 
cancer to passive smokers by both the American Surgeon 
General and the National Academy of Sciences. Despite the 
esteem in which the authorities hold that paper there are 
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considerable doubts as to whether it is justifiable to merge 
the results of epidemiological studies of different quality and 
to evaluate them jointly. At the end of the day the conclusive 
value of a meta-analysis very clearly declines with the number 
and magnitude of the errors contained in the studies upon which 
it is based. Bearing this in mind, fcetzel and Dberla carried 
out a further meta-analysis based only on those epidemiological 
studies which meet minimal standards of scientific quality. On 
the basis of twelve relevant studies they reached the 
conclusion that if the Trichopoulos-study is taken into 
account the relative risk amounts to 1.12, and if it is 
not, the figure declines to 1.08. That risk-increase 
however is not significant and remains within the limits 
of 'statistical smoking 1 . 

Toxicology of Passive Smoking 

In view of the evident difficulties epidemiologists encounter 
in helping to find out whether there is a link between passive 
smoking and lung cancer, it is not to be wondered at that the 
toxicologists have been giving more and more attention to the 
subject. The findings established so far were discussed in 

1986 at a symposium in Essen and' in 1967 at congresses in 
Berlin and Tokyo. The results, most of which' were obtained in 
more or less controlled chamber-experiments are in part 
contradictory. Persons exposed to tobacco smoke most 
frequently complain about irritation of the mucus membrar*es,, 
for which mainly substances contained in the gaseous phase, but 
probably also in the particle phase, are responsible. 
Subjective sensations of feeling ill and bad smell are quoted 
as additional nuisances. According to Professor Winneke of the 
Institute for Air Hygiene and Silicosis Research of Dusseldorf 
University early difficulties of this nature occur when the 
concentration of tobacco smoke corresponds to 5 ppm CO and not, 
as alleged in an earlier study by Weber and collaborators, at 
2 ppm CO. Whereas irritations increase with the duration 
exposure, the other effects are complained of only during the 
initial ten to fifteen minutes. 

Nicotine, cotinine and thiocyanate in body fluids as well as 
carboxyhaemoglobin merely show that there has been exposure to 
tobacco smoke. In order to cover the long-term effects of 

exposure to tobacco smoke it would seem' necessary to examine 
the absorption and the effect of compounds with genotoxic 
qualities. Below, the results are presented of a number of 
experiments which deal with this problem. 

Phenanthrene is part of the group of polycyclic carbohydrates 
(PAH)' and is contained in cigarette smoke, cieseli exhaust fumes 
and also in roast pork. Hydroxyphenantbrenes are products of 
the metabolism of phenanthrene and are rightly considered to be 
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markers for the absorption' of PAH. He were able to show that 
the excretion of hydroxyphenanthrene in urine does not increase 
after an B^-houx exposure to tobacco smoke, irrespective of 
whether the concentration at 10 ppm GO is medium or very high 
at 20 to 25 ppm CO. (Graph 1). The excretion of 
hydroxyphenanthrene changes significantly if, after a diet lov: 
in PAH, one is provided which is high in PAH. Extremely high 
excretion of hydroxyphenanthrene is found in workers exposed to 
high PAH concentrations at work. Data established in 
co-operation with Professor Grimmer from the Biochemical 
Institute for Environmental cancer in Hamburg show how widely 
the PAH impact fluctuates and how secondary the role which 
passive smoking plays therein. 

Mercapturic acids (thioethers) are the detoxification products 
of many electrophile,, and thus potentially mutagenic and 
carcinogenic, substances. Their genesis is catalysed by the 
glutathion'-S-transf erase-system and their rate of excretion in 
urine can be used to measure the impact of these compounds. 
The excretion of mercapturic acids rises slightly when a 
non-smoker has been exposed for 8 hours to a tobacco smoke 

concentration of 10 ppm CO and increases further when this is 
doubled' (Graph 2). As compared with non-smokers, the 
thioether-excretion is still higher than normal in smokers 
after an abstinence of 36 hours and, after ten to 20 cigarettes 
have been smoked, it increases more vigorously than in passive 
smokers. The higher excretion of thioethers after passive 
smoking was, by the way, described for the first time and was 
probably discovered only because the diet of the test persons 
had been strictly controlled over a period of several days. 

The results of the experiment carried out in co-operation with 
Professor Sorsa of the Institute of Occupational Health in 
Helsinki confirm the viev; that through passive smoking 

electrophile substances are absorbed and detoxified. How 
effective this detoxification' is, requires further study. 

Mutagenic and carcinogenic substances are excreted in urine if 
they neither react with macromolecules In the organism,, such as 
DNA, nor are detoxified in metabolism through the various 
protective enzyme systems. They can be detected in urine 

through the Ames-Test. In our experiment we found no 

significant increase in mutagenic activity in passive smokers 
either after a medium (10 ppm CO) or a high' eight-hour exposure 
to tobacco smoke (20 to 25 ppm CO) (Graph 3). With one 

exception our results agree with those of other authors so far 
as the extent of mutagenic activity is concerned. Professor 

Morpoth 1 s working party of the Institute of Hygiene and Social 
Kedecine of Essen University found an increase in passive 
smokers which corresponded to that of smokers of four to five 
cigarettes. The reason for this different result is not at 

present known and needs to be discovered!. Our results suggest 
that in contrast to smoking, passive smoking leads to the 
absorption of too few mutagenic or carcinogenic substances for 
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Graph I 

Hydroxvphenanthrene excretion in urine following 
PAH absorption during medium {10 rpm CO)-to-heavy 
(20-to-25 ppm CO) tobacco smoke exposure, during 
nutrition both poor and rich' in PAH and at selected 
workplaces. 



Thioet'ner excretion in the urine of non-smokers before and 

after ei cht-hour— lono medium (10 ddh CO)—to—heavy (20—to--r nr.. CO 

tobacco smoke exocsure, compared with that of smokers. 


Source: https://www.industrydocuments.ucsf.edu/docs/szpxOOOO 
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Mutagenic activity in the urine of non-smokers before 
and after edcht-hour-long medium (10 ppm CO)-to- 
heavy (20-to-25 ppm CO) tobacco smoke exposure, 
compared with that of smokers. 
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them to be detected with the Ames-Test in urine. It is however 
just as possible that these substances can be effectively 
detoxified in passive smokers through the cellular 
glutathion-S-transferase-system and other enzymes, which does 
not seem to be possible in the case of smokers because of the 
overload with which their metabolism is charged. 

Under the impression of the results of the symposium on 
••Experimental Toxicology on Passive Smoking" in Essen Professor 
Gostomczyk made the following comment: "Taking into account 

the results of the Essen symposium we may say that 
toxicologists have so far no more than epidemiologists rendered 
more probable the existence of a link between passive smoking' 
and injuries to health." Our findings should be interpreted on 
the same lines. 

Conclusions 

Tobacco smoke indoors contains toxic, mutagenic and 
carcinogenic substances which are inhaled by non-smokers. The 
concentrations are all low. There does not, at present, exist 
a marker for indoor tobacco smoke. The reason for this is that 
the composition of tobacco smoke differs according to the 
product from which stems, and that it is subject to constant 
quantitative and qualitative change through ageing. It is 
almost always mixed with substances of another origin, the 
concentration of which is frequently higher than that due to . r , 

tobacco ‘smoke. However, nicotine, which is specific to tobacco $$$8 

smoke,, car. be used to provide qualitative proof of indoor air 
pollution through tobacco smoke. 

The particle phase of tobacco smoke is retained in the lungs at 
a rate of a little more than only 10% after inhalation. It may 
be assumed that a considerable part of it is not absorbed by 
the organism but is removed from the respiratory passages 
through the cleansing mechanism of the lungs. Reactive 
compounds of the gaseous phase and/or such which are easily 
soluble in water are largely resorbed in the nose and throat 
area and the upper respiratory passages. This is to some 
extent also true of nicotine, the metabolism of which varies 
from individual to individual, and is mainly broken down into 
cotinine. The presence of nicotine and cotinine in body fluids 
confirms exposure to tobacco smoke. It is hardly possible to 
quantify the impact of tobacco smoke on the basis of the 
nicotine or cotinine concentration in body fluids. Such a 
procedure is hampered by the great difference between' indoor 
tobacco smoke and mainstream cigarette smoke, the quick 
quantitative and qualitative changes to which indoor tobacco 
smoke is subject, the specific physico-chemical qualities of 
nicotine, and the individual differences in the Taetabolism of 
nicotine. Carbon monoxide and thiocyanate are further, but 
unspecific, markers for the absorption of tobacco smoke. 
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Epidemiological studied carried out so far and which point to a 
link between passive smoking and lung cancer as well as other 
diseases are tainted with so many errors - when critically 
considered - that they cannot be regarded as confirming any 
danger to health due to passive smoking. Problems in measuring 
exposure to tobacco smoke, in eliminating misleading factors 
such as misclassifications or *confounders*, and in the 
diagnosis and typification of lung cancers, have on the whole 
not been resolved* In the opinion of many scientists the 
epidemiological methods available to-day are probably 
inadequate to discern any risk to health through passive 
smoking, if indeed there is such a risk. 

Since epidemiology has so clearly failed to establish whether 

there is a risk to health through passive smoking, it is not to 

be wondered at that by now toxicologists have taken the matter 

up. At present they are the strongest upholders of the theory 

of harmfulness to health, especially of the danger of cancer 

through passive smoking. They rightly assume that through 

passive smoking mutagenic and carcinogenic substances are 

inhaled, albeit in weak concentrations. They further assume, 

probably wrongly, that there is no threshold for cancerogenic 

substances, right down to the single molecule. These two 

assumptions together of necessity lead them to the conclusion 

that the risk of lung cancer - and probably of other cancers 

too - is increased through' passive smoking, however small that $$$$ 

increase may be. A linear extrapolation from tobacco-pollfition 

through smoking to tobacco-pollution through passive smoking, 1 

which is made as a result of these assumptions and does not 

seem justified in the light of the known facts, leads to a 

similar assessment. 

The question whether passive smoking causes lung cancer becomes 
the more of a political problem the more it is emotionalised in 
public discussion and the less science is able to provide an 

answer. For the present we can only say that danger to health 
is theoretically a possibility but has by no means been 

scientifically proved. Politicians interested in health 
affairs want to know whether a risk to health is probable. Mv 
answer would be "No", but I realise that we may yet have to 
wait a long time for the final word. 

Literature can be obtained from the author. 
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ABSTRACT 

The cohort investigated by HIRAYAMA has a serve selection bias by age. Tihe 
effect of removing this selection bias by iterative proportional fitting a 
contingency table to given marginals is investigated. The risk increase re¬ 
ported by HIRAYAMA disappears completely when one removes selection bias by 
age. If the cases would have been observed as they occur in the female popu¬ 
lation one would have observed no risk increase. Only in the subgroup of wo¬ 
men married to industry workers there remains a risk increase, which might 
be due to confounding factors. Assuming modtest differentia! misclassification 
also leads to risk ratios around unity. 


INTRODUCTION 

The statistical association between enviromentali tobacco smoke and lung cancer 
is controversial. The HIRAYAMA study seems to provide sound epidemiological 
evidence supporting this hypothesis. In a recent paper UBERLA ($) has analysed 
the published studies. Regarding the HIRAYAMA study the following facts have to 
be kept in mind: 

The study was not designed to test the hypothesis, whether passive smoking 
is associated with lung cancer or not. It can therefore only generate this 
hypothesis, not prove it^ 

The cohort was not representative for the population of Japan. A selection 
bias is possible. 

The exposure indicator - the fact of being married to a man who smokes - 
is not reliable, not valid and not specific. 

The event indicator - dying on lung cancer as noted on death certificates - 
is neither reliable nor valid. 

Various confounding factors - for instance exposure at the working place, 
indoor air pollution, overall air pollution, type of medical care - were 
not accounted for.. 

Bias in registering the fact, that a woman is a nonsmoker, was not con¬ 
trolled. Resulting differential misclassif ieations of the cases, who were 
smokers and had to be excluded, have not been considered. 

Almost nothing is known about the 200 cases. No case reports are available, 
autopsy and histology are only available in 11.5 %. 
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The core of the information, on which! the results of this study rely, is 

1. ) that during 1965 200 women in Japan told an interviewer on • single 

occasion that they were - during that time - non-smokers and their 
husbands told, that they were smokers, which might have been different 
before and afterwards and 

2. ) that their death certificates subsequently contained the diagnosis lung 

cancer, which might have been erroneous. 

Such sparse information does not seem to be convincing. 

Ih our paper we consider four questions: 

1. ) What is the relative risk ..i.en one removes the selection bias regarding 

age of women in the HIRAYAMA cohort? 

2. ) What is the relative risk when one additionally accounts for the fact 

that women above 70 who are married to husbands still living are less 
frequent than reported in the population statistic? 

3. ) What is the relative risk for women, married to men with different occu¬ 

pations, when one removes the selection bias regarding age of men? 

4. ) What is the relative risk when additionally some modest differential 

misclassification is assumed? 

MATlERIAUS AND METHODS 

We start from tables 1, 2 and 3 of HIRAYAMA 1984 (4). These tables contain, the 
most detailed published data. In order to check our program we reproduced some 
of the reported relative risks with good accuracy. 

PERCENT FEMALE 


AGE 

GROUP 


JAPAN 

POPULATION 


HIRAYAMA 

COHORT 


TABLE 1: Differences between, the HIRAYAMA cohort and the female age distrii- 
bution over 40 in the population of JAPAN V965 (Population census 1965. Sta¬ 
tistical survey of the economy of Japan. 1967, Ministry of Foreign Affairs of 
J&pan). 

There are marked differences between the HIRAYAMA cohort and the female age 
distribution over 40 in the population, of Japan 1965. Women 50-59 are over¬ 
represented, women older than, 70 are severely underrepresented. In this age 
group only one percent was observed instead of 12 percent ih the population! 

The investigated cohort certainly, hr.s a severe selection bias by age, which 
needs no statistical! test. This is likely due to the fact, that the smoking 
behaviour was not known in the elderly or that the husbands of older, women, 
have died. Since it takes twenty years and more from exposure to lung cancer, 
older, women surely are relevant and should not be excluded. The majority of, 
lung cancer, cases occur in older age groups, in Germany more than 67 % in 
women over 65 years. 
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In order to answer the question what the relative risk is when the age selec¬ 
tion bias is removed; we adjusted the data to the age distribution of the fe¬ 
male population of Japan. The technique of iterative proportional fitting a 
contingency table to given marginals as described by BISHOP, FlENBERG and 
HOLLAND (1) or by HARTUNG (3) was used. This technique keeps the risks conr 
stant as observed in every cell! and changes the marginals and the cell counts 
according to the given age distribution of the population. Iterative propor¬ 
tional fitting of contingency tables to given marginals is a well known tech¬ 
nique in multivariate statistics and can be applied here without changing the 
observed interrelations between smoking habit, occupation and lung cancer. From 
the fitted or adjusted tables the risk ratios are caltulated in the usual way. 

Such risk ratios based on data with removed age selection bias are the correct 
ones andi should be used. One has to require that there should be no selection 
bias by age and the cases should be included as they would have occured in the 
population. Otherwise statistical tests and P-values are not very meaningful. 


WIVES HUSBAND'S SMOKING HABITS 

AGE NON 1 - 19 20 + TOTAL 


40-49 4 7918 21 17,492 2 ^ 12615 46 38025 

50-59 14 7635 46 15640 3li 8814 91 32089 

60-69 16 617,0 31 10381 10 3793 57 20344 

70 ♦: 3 172 1 671 2 239 6 1082 


TOTAL 37 21895 99> 44184 64 25461 200 9154Q 


TABLE 2; SMOKING HABIT OF HUSBAND BY AGE OF WIFE. ORlGINIAL DATA 
(Table 2 of HIRAYAMA 1984). 


Table 2 shows the original data by age of wife., The cells contain the number of 
lung cancer cases and those under risk as published by HIRAYAMA. The 1-19 group 
includes ex-smokers in this and the following tables. 200 cases out of 91540 
women were observed. Iterative proportional fitting to the female age distri¬ 
bution of the population leaves the underlined numbers constant. The others are 
adjusted using a rigth hand marginal which is made proportional to the age di¬ 
stribution of the population. 

RESULTS 

Table 3 gives the results of iterative proportional fitting to the female age 
distribution of the population;. It contains the numbers of those under risk 
and: of lung cancer deaths as they would have been ©vserved, if HIRAYAMA had 
not excluded or preferred certain age groups. The age selection bias is re¬ 
moved. The risks in the individual cells are still the same as those observed 
by HIRAYAMA. Alfeo the structure of the common distribution regarding age, smo¬ 
king habit and lung cancer is unchanged. HIRAYAMA would have totally observed 
232 cases instead of 200, with the corresponding numbers in the individual 
cells, had he included alt women as they live in the population. This table 
is the best available starting point for age-adjusted risk ratio calculations. 

It was not used so far. 
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WIVES 

AGE 


NON 1 

HUSBAND’S 

1 - 19 

SMOKING 

20 

HABITS 

♦ 

total 

..... i 

40-49 

3.91 

7784.8 

19.12 

15927.8 

20.02 

12024.0 

43.05 

35700.6 

50-59 

12.49 

6813.7 

38:20 

12987.1 

26.95 

766U2 

77.64 

27462.0 1 

60-69 

14.25 

5496.6 

25.70 

8604.9 

8.68 

3291.1 

48.63 

17392.6 ! 

70 4 

32.02 

1835.2 

9.93 

6664.2 

20.79 

2484.7 

62.74 

10984.8 1 

TOTAL 

62.67 

21895 

92.95 

44184 

76.44 

25461 

232.06 

91540 J 


TiABLE 3: SMOKING HABIT OF HUSBAND BY AGE OF WIFE (Table 2 
of HIRAYAMA 1984). Removed selection bias: Data adjusted 
to the age distribution of women tn the population. 


HUSBAND’S SMOKING HABITS 



NON 

1-19 

20 4 

A 

RR 

1.00 

1.37 

1.56 

IL 90 


1.00 

1.11 

MH-CHI 


1.51 

2.27 

P ONE TAILED 


.065 

.012* 

A 

RR 

1.00 

,77 

1.06 

,L 90 


.59 

.80 

MHi-CHII 


2.19 

.27 

P ONE TAILED 1 


.014* * 

.395 


'90 


UPPER PART ; STANDARDIZED BY AGE OF WOMEN ONLY 
LOWER PART : AGE SELECTION BIAS REMOVED AND STANDARDIZED 
BY AGE OF WOMEN! 

RR : Weighted point estimate of rate ratio 

Lower 90 percent confidence interval 
"significant" in positive direction 
•• : "Significant" in negative direction 

TABLE 4: RELATIVE RISK BY AGE OF WOMEN (Calculated from 
table 2 of HIRAYAMA 1984) 

Ih the upper part of table 4 one finds the risk ratios standardized by, ene 
only, as reported by HIRAYAMA. Tihe lower part contains the risK rctios af¬ 
ter removing the age selection bias. In the upper part the weighted point 
estimate of the rate ratio is 1.56 in the 20 ♦ group and ts technically 
"significant". ILg^ designates the lower point of the 90-percent confidence 
interval in this and the following tables, as it was used by HIRAYAMA. 
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The risk increase disappears completely when one removes the selection bias by 
age. Ih the 20 ♦ group the rate ratio is 1.06, hardly a relevant risk increase. 

In the group of 1-19 cigarettes per day it is .77 which, is a technically signi¬ 
ficant risk decrease. The adjusted rate ratio, considering all those exposed 
in one group versus those not exposed is .61 with, a confidence interval inclu¬ 
ding unity. If HIRAYAMA had observed the cases as they occur in the population 
without selection bias by age, he would have observed no risk increase, but a 
sligth, and meaningless risk decrease. This is the main result of our, reanalysis, 
which corresponds welll with the result of the prospective American cohort study 
as published by GARFINK&L (2). 

In the discussion following our paper in TOKIO last november HIRAYAMA noted, 
that in the population the percentage of women over 70 married to men who are 
still alive is smaller than the percentage of women reported in the population • 
statistics. Since we do not have the numbers we assume that only half of the 
women over 70 reported in the population census 1965 have been married to li¬ 
ving husbands. The resulting' hypothetical population together, with the HIRAYAMA 
cohort is presented in table 5. 


AGE 

GROUP 


PERCENT FEMALE 
HYPOTHETIC 
POPULATION 


HIRAYAMA 

COHORT 


TABLE 5: DIFFERENCES BETWEEN THE HIRAYAMA COHORT AND A HYPO¬ 
THETIC FEMALE AGE DISTRIBUTION OVER 40. (Explanation see text) 

There is still possibly a selection bias in table 5. Now 6 percent! of women 
over 70 1 would have been included in the hypothetic female distribution in¬ 
stead of 12 percent. The corresponding lung cancer cass, which generally are 
more frequent in this age group than in younger, women, had been excluded. The 
reduction to one half accounts for the argument of HIRAYAMA mentioned! above 
sufficiently. The resulting relative risks are presented in table 6. Even with 
these assumptions the relative risk is only 1.03 in the group of women married 
to husbands smoking 1^*19 cigarettes per day, 1.29 ini the 20 ♦ group and 1.12 
if one considers the smoking group altogether. Air these risk ratios are not 
statistically different fromi unity; 


HUSBAND'S SMOKING HABITS 



NON 

1-19 

20 + 

SMOKER 

/N 

RR 

1.00 

1.03 

1.29 

1.12 

,L W 


.77 

.94 

.85 

MH-CHI 


.05 

1.33 

.47 


TABLE 6: RELATIVE RISK BY AGE OF WOMEN, AGE SELECTION BIAS REMOVED 
AND HYPOTHETIC/ ADJUSTED TO HIRAYAMAS ARGUMENT 
(see table 5) 
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Since it is impossible for us to reconstruct the real situation some twenty 
years ago in Japan regarding the conditional distributions of males and fe¬ 
males regarding age, smoking and family status, the reported results of the 
HIRAYAMA study can not be conclusive to us. As long as the selection bias by 
age can not be explained numerically in a sufficient way by HIRAYAMA, his 
thesis, that there is a significant and relevant risk increase based on. his 
data migth as well be wrong. 

We now consider two occupations, farmers and industry workers. From the upper 
part of table 7 one can, see that the relative risk for wives of farmers seems 

substantial, when one standardizes by age of men only. The point estimates of 

the rate ratios are 1.40 and 1.63 respectively. This was observed earlier and 
had no adequate exlanation. If one removes the selection bias by age and: ad¬ 
justs to the male age distribution of Japan - the numbers in the lower part 

of table 7 - the rate ratios are .85 and .82, not different from unity. This 

seems more plausible. 



HUSBAND'S SMOKING 
NON 1-19 

HABITS 

20 ♦ 

A 



RR 

1.00 JJ18 

1.63 

So 

.97 

1u01 

MH-CH1 

1.48 

1.92 

P ONE TAILED 

.069 

.027 

A 



RR 

1,00: J3S 

.82 

So 

,59 

.53 

MH-CHI 

.42 

.53 

P ONE TAILED 

.337 

.296 


UPPER PART : STANDARDIZED BY AGE OF MEN ONLY 

LOWER PART : AGE SELECTION BIAS REMOVED AND STANDARDIZED 

BY AGE OF MEN 

TABLE 7: RELATIVE RISKS: WIVES OF FARMERS ONLY 
(Table 3 of HIRAYAMA 1984) 

Considering the wives of industry workers only, in the upper part of table 8 
the point estimates of the rate ratios are 1.77 and 2.27, standardized by age 
of men, being not significant. Removing the age selection bias - in the lo¬ 
wer part of table 8 - there is a remarkable risk increase to 4.60 and 6.90; 
which is significant. However, there are only 9 lung cancer deaths in the 20 + 
group and only 3 in women 70 years and older, which are small numbers, but 
these are numbers observed and used by HIRAYAMA and his risk structure is 
unchanged. Thus only in the subgroup of women married to industry workers there 
is a risk increase, in all other occupations there is no risk increase. Omitting 
industry workers, the point estimates of the rate ratios are .90 and .89, 
not significantly different from unity. These findings are consistent with the 
assumption Of confounding factors in, women married to industry workers, who 
migth be exposed to other enviromenta! hazards. Our calculations show that by 
removing age selection bias by age, one can explain hitherto implausible re¬ 
sults. 


174 



Source: https://www.industrydocuments.ucsf.edu/docs/szpx0000 


2023513497 


HUSBAND’S SMOKING HABITlS 
NON 1-19 20 


A 

RR 

,L 90 

MH-CHI 

P ONE TAILED 

1.00 

1.77 

.70' 

.73 

.232 

2.27 

.84 

.81 

.208 

A 




RR, 

1.00 

4.60 

6.90 

lL 90 


1.71 

2.45 

MH-CHI 


2.50 

2.78 

P ONE TAILED 


.006 

.003 


UPPER PART : STANDARDIZED BY AGE OP MEN ONLY 
LOWER PART : AGE SELECTION BIAS REMOVED AND STANDARDIZED 
BY AGE OF MEN 

TABLE 8: RELATIVE RISKS: WIVES OF INDUSTRY WORKERS ONLY 
(Table 3 of HIRAYAMA 1984) 


Active smoking is correlated among married coupltes. Ir. a society in which fe¬ 
male smokers were very rare in 1965, more women married to smokers will declare 
themselves nonsmokers than the other way round. One has therefore to consider 
biased or differential misclassif ication. There are likely more women with lung 
cancer, who have been misclassified as nonsmokers than the other way round. They 
have to be removed from the cohort. We made some moderate assumptions regarding 
misciassification, as shown in table 9. In order, to examine, how sensitive the 
relative risk is we removed 10, 20 and 30 cases from, the exposed groups corres¬ 
ponding to 5, 10 and 15 percent. Assuming 30 misclassified cases - 15 percent, 
a percentage which, has been observed ih the literature (5) - the rate ratios 
are ,66 and .85i In the group 1-19 cigarettes per day ell the risk estimators 
are significantly smaller than unity. Our personal opinion is that 10 differen¬ 
tial misclassified cases from 200 is a fair number. The corresponding weigthed 
point estimates of the rate ratio are .74 and 1.00. These risk estimates are 
as reasonable as other risk estimates calculated from, the HIRAYAMA data. They 
indicate - if anything - a risk decrease, not a risk increase. 
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NUMBER OF CASES ASSUMED HUSBAND’S SMOKING HABITS 

MISCLASSlFlED AND REMOVED 

FROM EXPOSED GROUPS NON 1-19 20 ♦ 


n * 10 * 

5 % 

A 

RR 

1.00 

.74 

1.00 



P ONE TAILED 


.006 

.469 

n * 20 * 

10 % 

^R 

1.00 

.70 

.93 



P ONE TAILED 


.003 

.383 

n * 30 = 

15 % 

4 R 

1.00 

.66 

JB5 



P ONE TAILED 


.001 

.238 


TABLE 9: RELATIVE RISK: ASSUMED DIFFERENTIAL MISCLASSlFICATlON 
(Age selection bias removed and standardized by age of women) 


DISCUSSION 


Reanaiyses of data, which have been collected by others are not easy. This is 
because information is not completely available, because information, might be 
misinterpreted or because one has to take another view in ordfer to come closer 
to the acceptable truth. Our, calculations do not diminish the great value and 
impact the HIRAYAMA study had on the epidemiology of passive smoking^ They 
show however, that reasonable alternative views on the same data are possible, 
which lead to opposite conclusions. Our, findings are in, contrast to HlRAYAMA’s 
thesis that - based on his data - there is a substantial! statistical asscsiation, 
between passive smoking and Ibng cancer. We do not hold that our view is 
the only correct one. We do hold however, that the risk ratios calculated by 
us, removing age selection bias, are as reasonable as the ones calculated by 
HIRAYAMA. Since they go back to the population and not to a selected sample 
our estimates could be preferable. Hypothetically accounting for, the argument 
of HIRAYAMA, that in the population, the percentage of women over, 70 married 
to men, who are still alive is smaller than the percentage of women reported 
in the population statistics does not change our results. Our risk estimates 
•re a consequence of the data published by HIRAYAMA and can not be rejected 
from the study data, as they ar,e published so far. 
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SMOKING 
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NON 

1-19 

20 * 


A 




AGE SELECTION BIAS 

RR 

1.00 

JT 

1l06 

REMOVED AND AGE- 

p 


.014 

.395 

STANDARDIZED' (WOMEN) 

ONE 

TAILED 


A 




WITHOUT INDUSTRY 

RR 

t.OO 

.90 

.89 

WORKERS, AGE SELECTION 

P 


.394 

.179 

BIAS REMOVED AND AGE- 
STANDARDIZED (MEN) 

ONE 

TAILED 




A 




10 CASES ASSUMED 

RR 

1.00: 

.74 

1.00 

M1SCLASS1F1ED, AGE 

p 


.006 

.469 

SELECTION BIAS 

ONE 

tailed 


REMOVED AND AGE- 
standARD lZED (WOMEN) 


TABLE 10: REANALYSIS OF HIRAYAMAS DATA; SUMMARY OF RELATIVE RISKS 


To summarize: Removing the age selection bias in the HIRAYAMA study one gets a 
relative risk of 1.0$ <n the group of women married to men with more than 20 
cigarettes per day. In the group of women married to men with 1-19 cigarettes 
per day the relative risk is .77, a technically '’significant” risk decrease. If 
HIRAYAMA could have observed the lung cancer cases as they occur in the female 
population, he would have observed no risk increase, but a risk decrease to 
around .81, not significantly different from unity, considering those exposed 
versus those not exposed. 

If one omits the wives married to industry workers because of possible confoun¬ 
ding factors the re*stive risk is .90 and .89 respectively. This is of the same 
sire order and smaller than unity. Here we could adjust and standardize by occu¬ 
pation and age of men only., which is not as appropriate as by age of women. 

If one assumes that 10 cases are differentially misciassified and removes them 
fromi the exposed groups, the risk estimates are .74 and 1.00 respectively. 

Our findings demonstrate how sensitive the data of this study are and how week 
the evidence for a statistical association between passive smoking and lung can¬ 
cer from this study is. In view of these and other facts, which we mentioned in 
the introduction, the null hypothesis might be true as well and is consistent 
with the HIRAYAMA data in the same way as the alternative hypothesis. 

We would be glad to apply our technique to more detailed data if we can get 
them from HIRAYAMA, for instance in order to adjust by occupation of men, end 
age of women, or by occupation, of men and by age of women married to a hus¬ 
band who is still alive. We are reedy to modify our view if such data can sup¬ 
port the alternative hypothesis better than the published data do. We do hope, 
that our calculations give rise to a fruitful discussion. The methods we used 
here might be of interest to the analysis of other cohort and control studies. 
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H. Lctzcl andiK. (Iberia 


Summary 

Up to now, meta-analysis has rarely been used in epidemiology and no generally accepted 
standards are available. Combining risk estimates from biased or confounded studies by 
meta-analysis cannot provide correct answers. 

In our paper two cohort and ten case-control studies were analyzed using several 
statistical techniques (Fisher, Mantel-Haenszel, Yusuf). Only data from women were 
includedand a quality indicator (histology exposure, methodology) was used to analyze 
different study combinations, i.e. an analysis of sensitivity was performed., For the 
Hirayama study two different risk estimates were used. In addition, all11,023 logically 
possible combinations of the 10 case-control studies were analyzed. 

Of all possible meta-analyses of the 10 case-control studies, 670 (65.5%) were not 
significant at P S 0.05 (Yusuf technique). The Trichopoulos study is involved in 330 of the 
353 significant study combinations* indicating that this is the dominating case-controli 
study, although the methodological quality is unacceptable. 

Combining case-control and cohort studies, the relative risk estimates range from 
1.013 to 1.118, depending on the specific subset of studies analyzed. These relative risk 
estimates include unity. The quality of the individual studies is highly, variable and 
sometimes poor. We conclude that as long as no better studies are available, meta- 
analyses cannot and do not add much new evidence to the question of whether passive 
smoking is related to lung cancer. 

Up to now, meta-analyses have mainly been used with randomized clinical trials. The 
technique has been criticized [6, 10* 23] for various reasons. Standards for meta-analyses 
in epidemiology are not yeti available. Bias by non-reporting of studies, by, selecting 
certain subgroups or by redefining sample sizes can create additional difficulties for a 
statistical evaluation. How different study designs - e.g. case-control versus cohort 
studies - should be weighted is left to the investigator. It is not surprising that the 
application of such methods in a controversial field like passive smoking and lung cancer 
does not come up with uniform results. 

The inclusion of studies ini meta-analyses is justified as long as there are no major 
methodological shortcomings in the individual studies. Combining biased or con- 
foundedresults by meta-analysis cannot provide correct answers. There is a strong case 
for an analysis of sensitivity [23]. It investigates the effect of different study selections as 
well as the impact of different statistical methods on the results. 

When the first papers on passive smoking and lung cancer were published a serious 
hypothesis was created! [|11, 27]. This hypothesis is serious because - if it is right - 
thousands of non-smokers are being killed worldwide by smokers. But the hypothesis is 
also serious because - if it is wrong - smokers are being accused of killing other people 
without actually doing so. 


H. Kasuga (Ed.) Indoor Air Quality 
C Springer-Verlag, Berlin Heidelberg 1990 
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Last year Wald [31 ]| published the first meta-analysis of the available studies on 
passive smoking and lung cancer, in his paper the results obtained in menwere included, 
and in two studies the subgroup of women married to ex-smokers was excluded. The 
quality of the individual studies was not taken into account and no analysis of sensitivity 
was performed. 

Every meta-analysis has to state its goals, criteria and methods before it starts. In our 
analysis we planned 

1) to include only studies whichfulfiUminimal methodological requirements. We wanted 
to eliminate statistical noise. 

2) to select carefully the “best" relative risk estimate from every study, not just the one 
which was reported by, the authors or the highest one. 

3) to classify the quality of the studies regarding determination of histology, estimation' 
of exposure and overall study methodology. 

4) to use different statistical techniques, namely the Fisher method and the method used 
by Yusuf [32] or Wald [31J 

5) to study the sensitivity of the results with'regard to including different subsets of 
studies depending on their qualities. 


Selection of Studies 

We did not include the studies by Gillis [9], Knoth [16], Miller [22] and Sandler [24-26]; 
These studies do not fulfil minimal methodological criteria and they do not contain 
■relevant information. Only insufficient data are available from them. Wald [31] had 
included the Gillis study [9], which only has 14 non-smoking lung cancer cases and 
correspondingly wide confidence intervals contributing nothing to the available 
evidence. 

We also excluded men because the majority of evidence comes from studies in women. 
Only about 11 % of the reported cases are men. Their results vary widely . There is not a 
single significant result in men. The situation regarding biology, exposure and reporting 
habits is considerably different in men as compared to women. 

We included two cohort studies [7,12-14] and 10 case-control studies [1^5; 8,15, 17, 
19-21, 27,28]. These studies had also been included by Wald [31]. The only difference is 
that we didn’t include the Gillis study [9] and that we restricted our analysis to women. 
The availability of histology , the quality of the exposure indicator and an overall quality 
rating of the study were judged by K. Uberla. Three study groups resulted: cohort studies, 
case-control studies with reasonable quality (quality -Hj and case-control studies with 
poor quality (quality —) (Table l). 

The 2 X 2 tables and RR estimates for the 12 studies used are presented in Table 2. 
Generally, these numbers are the same as used by Wald [|31] with the exception that'we 
did not exclude the wives of ex-smokers in the studies by Hirayama [14], Trichopoulos 
[27, 28] and Koo [17], 

Regarding the Hirayama study we did not use a relative risk estimate of 1.63 as did 
Wald [31]. In a subsequent paper by Uberla and Ahlborn [30], which willibe presented in 
this session of the conference, it is shown that, when one adjusts the Hirayama cohort to 
the age of the female population in Japan, the relative risk is 0,90. We alternatively used a 
risk estimate of 1.45 for the Hirayama study,. This was calculated from Table 2 of the 1984 
publication by Hirayama [13] and was standardized by the age of womenionly. 
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Tablet. Quality rating of studies selected! for .meta-analyses 


Author 


Histology Exposure 


Quality, 

rating** 


Resulting group 


Hirayama 

_ * 

— 

3 

Cohort 

Garfinkel 

— 

— 

2 

Cohort 

Chan et al. 

+ 

4 

4 

CC quality 4 

Correa et al. 

— 

- 

5 

CC quality — 

Trichopoulos et al. 

- 

- 

6 

CC quality — 

Buffler et al. 

4 

- 

4 

CC quality 4 

Kabat et al 

4 

4 

4 

CC quality 4- 

Garfinkel et al. 

4 

4 

4 

CC quality 4 

Akiba et al. 

- 

- 

5 

CC quality — 

Lee et al 

- 

4 

5 

CC quality — 

Koo et al 

4 

4f 

4 

CC quality 4 

Persbagen et al 

4 

4- 

4 

CC quality 4 

The included studies are the same as in the paper by Wald et al (1986), We included women only. 

** 2= acceptable; 3 = 

possibly flawed; 4 

= bias and confounding suspected; 5 = major bias and 

confounding suspected; 6 — unacceptable 



Table !. 2X2 Tables and relative risk estimates for studies selected for meta-analyses 

Author 

Exposed King cancer 

Unexposed lung cancer Relative 





risk 


4- 

- 

4 


Hirayama 

163 

69,428 

37. 

21,858 1.45 (1) 





0.90 (2) 

Garfinkel 

88 

127,164 

65 

49,422 1.18 

Chan et al. 

34 

66 

50 

73 0.75 

Correa et al. 

14 

61 

8 

72 2.03 

Trichopoulos et al. 

53 

116 

24 

109 2.01 

Buffler et al 

33 

164 

8 

32 0.80 

Kabath et al 

13 

15 

11 

10 0.79 

Garfinkel et al 

91 

254 

43 

14B 1.23 

Akiba et al. 

73 

188 

21 

82 1.48, 

Lee et al 

22 

45 

10 

21 1.03, 

Koo et al 

66 

97 

22 

40 

Pershagen et al. 

33 

150 

34 

197 1.27 

The underlined numbers are different from those assumed by Wald. We did not exclude the wives 


of ex-smokers. 

(1) Hirayama standardized by age of women only (from Table 2 }; Hirayama 1984) 

(2) Hirayama with age selection bias removed (Oberla and Ahlbom, 1987) 



' , r r ‘• ' 


Source: https://www.industrydocuments.uesf.edu/docs/szpxOOOO 


2023513505 







Meta-Analyses on Passive Smoking and Lung Cancer 319 


Results 

Meta-Analyses for All Possible Case-Control Study Combinations 

In order to get a feeling for the consequences of randbm selection of studies, we first 
considered all possible combinations of case-control studies. With 10 case-control 
studies there are 1,023 possible study combinations or subsets for which a meta-analysis 
can be performed. We calculated them all. The results can be summarized as follows: 

34.5% of all possible meta-analyses - using the Yusuf technique - are technically 
significant at p ^ 0.05. That means that a random selection of studies leads to a 
probability of 65.5% for a negative result of the meta^analysis. 

The Trichopoulos study is involved in 330 of the 353 significant study combinations, 
that is in 93*5 %* This study is the dominant study in the significant' combinations. 
Without the Trichopoulos study only 23 out of the 511 then possible study combinations 
are "significant", that is 4.5%. One has a probability of 95*5% for a negative result 
selecting a subset of studies for a meta-analysis randomly. 

The Trichopoulos study was judged as methodologically unacceptable. It is a 
textbook example of how a case-control study should not be performed [29]I If it were 
included, however, the impact of this study on the results would prove to be heavy. 


TableS. Results of meta-analyses I 


Author 

Cohort 

only 

Case-control 
quality *+■ 

Case-control 
quality — 

Cohort plus 
CC quality 4- 

All! 

Hirayama* 

X 



X 

X 

Garfmkel 

X 



X 

X 

Ghan 


X 


X 

X 

Correa 



X 


X 

Trichopoulos 



X 


X 

Buffler 


X 


X 

X 

Kabath 


X 


X 

X 

Garfmkel 


X 


X 

X 

Akiba 



X 


X 

Lee 



X 


X 

Koo 


X 


X 

X 

Pershagen 


X 


X 

X 

Fisher p 

0.017 

0.604 

0.007 

0.137 

0.009 

Yusuf: RR 

1,271 

1.074 

1.652 

1.178; 

li260 

IL95 

1.025 

0.848 

1.20H 

1.005 

1.093 

IU 95 

L575 

1.361 

2.272 

1.381 

1.453 

p** 

0.014 

0.277 

0.001 

0:022 

0.001 


* Hirayama standardized by age of women only, RR — 1.45 as calculated from Table 2, 
Hirayama, 1984 
** one-tailed 
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Table4. Results of meta-analyses II 


Author 

Cohort 

only 

Cohort plus 

CC quality + 

AH without 
Trichopoulos 

All 

Hirayama adjusted* 

X 

X 

X 

X 

Garfmkel 

X 

X 

X 

X 

Chan 


X 

X 

X 

Correa 


- 

X 

X 

Trichopoulos 


- 

- 

X 

BufTler 


X 

X 

X 

Kabath 


X 

X 

X 

Garfmkel 


X 

X 

X 

Akiba 


- 

X 

X 

Lee 


- 

X 

X 

Koo 


X 

X 

X 

Pershagen 


X 

X 

X 

Fisher; p 

0.105 

0.336 

0.158 

0.028 

Yusuf: RR 

L013 

1.035 

1.076 

1.118 

III 95 

0.848 

0.941 

0.941 

1.273 

IU 95 

1.210 

H193 

1.230 

1.299 

p** 

0.443 

0.317 

0.142 

0.046 


* With age selection bias removed, RR = 0.902 (ttfberla and Ahlborn 1987) 
** one-tailed 


Meta-Analyses for Selected Study Groups 

Meta-analyses for various combinations of cohort and case-control studies were 
calculated. The results are given in Table 3. For the Hirayama study a relative risk of 1.45 
for the exposed versus non-exposed persons is used in all these combinations as one of the 
starting points. The results show that the probability using the Fisher method is always 
higher than the probability using the procedure as applied by Yusuf [32]|or Wald [31]. 
This had to be expected. The other methods - Mantel-Haenzsel or for the cohort studies 
risk ratios - do not differ much from the Yusuf method. All the study combinations on 
Table 3 are significant with the exception of the reasonable quality case-control studies. 
These six studies have a common risk estimate of 1.07; being not statistically different 
from unity. 

The meta-analyses for these study combinations were repeated using a relative risk of 
0.90 for the Hirayama study as was calculated by Uberla and Ahlborn [30]. The pooledi 
risk estimates are verydose to unity and are not statistically significant (Table 4). When' 
one includes the Trichopoulos study, the pooled estimate for the relative risk is 1.118, 
approaching but not reaching statistical significance. 
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Discussion 

To summarize, the expected overall risk of dying of lung cancer for non-smoking women 
married to smoking men is: 

- 1.074 out of six case-control studies of reasonable quality, 

- 1.013 out of two prospective studies, using the Hirayama study with the age selection 
bias removed as shown by Uberla and Ahlborn, 

- 1.035 out of two prospective studies and six case-control studies of reasonable quality, 

- 1.076 out of eleven studies, with the Trichopoulos study excluded, and 

- 1.118 out of all twelve studies including the Trichopoulos study. 

These risk estimates are not statistically different from unity. 

Thus, the overall result of various meta-analyses can be summarized as follows: Meta¬ 
analysis of 12 relevant studies (using women only and adjusting the relative risk of 
Hirayama for age selection bias) gives an overall estimate of rejative risk of dying of lung 
cancer for non-smoking women married to smoking men of RR = 1.076 (Trichopoulos 
excluded) or RR = 1.118 (Trichopoulos included). These risk increases of about 8% or 
12% are not significantly different from unity. 

Our results differ widely from the results given by Wald [31]. The main reasons are 
different relative risk estimates for the individual studies. The papers by Hirayama and 
Trichopoulos were the first studies to be published on this issue. All later studies give less 
indicative results. Whether wives of ex-smokers should be included or not, whether the 
Hirayama study has to be adjusted for age selection bias and whether the Trichopoulos 
study is methodologically as stringent as a case-control study should be is open for 
discussion and will be answered differently by individual scientists. We have shown a 
variety of possible outcomes of meta-analyses and demonstrated the sensitivity of the 
results with varying assumptions. 

The whole question of meta-analyses comes down to the question of the quality of the 
individual study. As long as there are no better studies available, meta-analyses cannot 
and do not add much new evidence to the question whether passive smoking is related to 
lung cancer. 
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Review article • 

Lung cancer from passive smoking: 
hypothesis or convincing evidence? 


K. Uberla 

Instirur fiir Medizinische Informationsverarbeitung, Statistik und BiomatHematik 
der Ludvvjg-MaximiJiarxs-UnivcrsiLat, Marchioninistrafic 15, D-8000 Munchen 70, 
Federal Republic of Germany 


Summary. The epidemiological literature on passive smoking and lung can*- 
cer is reviewed and the well-known criteria for establishing a causal relation¬ 
ship are applied in order to determine what level of causal evidence cur¬ 
rently exists. Three cohort studies and 12 case control studies are analysed. 
Of the prospective cohort studies, one contributes very little to our knowl¬ 
edge, one shows no risk increase and one results in a moderate risk increase 
of 1.74 for women married to heavy smokers. The last is the only study 
which has to be taken seriously, even when other considerations show that 
its results might be caused by chance, bias or confounding. None of the six 
case control studies yielding a positive relationship was conducted according 
to the state of art of epidemiolbgical research, giving reasonable and sound 
evidence which cannot be explained by chance, bias, confounding or mis* 
classification. Two studies contribute nothing to the evidence. None of the 
four case control studies yielding no risk change or a risk decrease can 
exclude the possibility that a causal relation exists. The epidemiological and 
toxicological evidence is discussed in the light'of recent findings. The volume 
of accumulated data is conflicting and inconclusive. The observations on 
nonsmokers that have been made so far are compatible with either an in¬ 
creased risk from passive smoking or an absence of risk. Applying the 
criteria proposed by I ARC there is a state of inadequate evidence. The 
available studies, while showing some evidence of association, do not 
exclude chance, bias or confounding. They provide, however, a serious 
hypothesis. Further studies arc needed, if one wants to come to an adequate 
and scientifically sound conclusion concerning the question as to 1 whether 
passive smoking causes lung cancer mnuaru 

Key words: Passive smoking - Lung cancer - Causal connection 
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Active smoking is the most important, avoidable health hazard in industrialized 
countries. If passive smoking causes lung cancer, this would be a very strong 
argument against active smoking. It could be the decisive argument for reducing 
active smoking considerably. Science should determine whether this hypothesis 
is true or not. If it is to do so, one must seek to state the facts and to separate 
these from mere speculation. 

There are eight well established criteria which should be fulfilled if a causal 
connection in epidemiology is to be inferred: 

— Consistency of the association in various studies. The results should be re¬ 
producible in similar circumstances. 

— Strength and intensity of the association. Risk ratios of 5, 10 or greater are 
more likely to indicate a causal!relationship than a risk ratio of around 2. 

— Specificity of the association t The exposure, the effect and the way in which 
the exposure works should be specific. Therefore exposure and effects 
shouldbe measured with sufficient validity and specificity. 

— There should be a dose-response relationship. 

— Exclusion of bias and confounding factors. 

— There should be statistical significance. 

— Impact of intervention^ i.e. there should be studies showing a decrease of the 
effect'when the exposition has been diminished. 

— There should be biological plausibility. 

Taking these criteria intO consideration^ the IARG has proposed four differ¬ 
ent levels of evidence [22] when evaluating the existence of a causal relationship 
regarding carcinogenicity in Humans: 

(1) Sufficient evidence of carcinogenicity,:: There is a causal relationship be¬ 
tween'the exposure and human cancer. 

(2) Limited evidence of carcinogenicity: A causal interpretation is credible, 
however, alternative explanations (such as chance, bias, confounding) can¬ 
not adequately be excluded. 

(3) Inadequate evidence: There are few pertinent data or the available studies, 
while showing evidence of association, do not'exclude chance, bias or com 
foundrng. 

(4) No evidence: Severalladequate studies are available which do not show evi¬ 
dence of carcinogenicity. 

In this article the available literature is examined ini light of the criteria re¬ 
quired! to infer a causal connection and thus to determine what I ARC level of 
causalievidence currently exists. 

Cohort studies 

Adequate and well conducted cohort:studies can provide sound, empirical evi¬ 
dence on a causal relationship between exposure and event. To date, three 
cohort studies on passive smoking (from Hirnynma, Garfinkel and Gillis et al.) 
have been published. 
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Evidence from this study has been published in four reports [18119,20, 21]. In 
addition there are several critical comments.[4,24,32,33,34,37, 38,47, 4S, 49, 
54,60]. Married, nonsmoking women aged 40 and above (>i = 91540); from a 
cohort of 265 118 adults in 29 healthicenter districts in Japan were followed for 
15 years. Altogether, 200'women died of lung cancer. Standardized mortality 
rates for lung cancer were caltulhted according to the smoking habits of the hus¬ 
bands. The point estimate of the rate ratio was 1.74 or 1.79 when comparing 
women of nonsmoking husbands to women whose husbands smoked more than 
20 cigarettes per day. There was a dose-response relationship which was also 
significant. Standardization using the age of women and the occupation of 
husbands was performed. In nonsmoking men with smoking wives, seven lung 
cancer deaths occurred, resulting also in a relative risk of around 2. 

In evaluating the results of this study the following points,must be taken in 
consideration: 

(1) The study was designed to screen for a wide variety of possible risk factors 
oni life events and not to test' the hypothesis that passive smoking causes 
lung cancer. It therefore cannot prove this hypothesis, but rather can only 
generate it. The hypothesis that passive smoking causes lung cancer is one 
of several secondaryhypotheses which can be extracted from this material. 

(2) The reported cohort is not representative of the population of Japan. The 
age distribution of females over 40in Japan in 1965 was different'from the 
age distribution in the cohort [44]. Of 265118 adults (122261 men and 
142857 women),only 91 540 nonsmoking married women, whose husbands 
smoking habits were known, were included in the study. 51317 women 
(35i9%) were not used, partly because the smoking habits of the husbands 
were not known and the corresponding 103 nonsmoking lung cancer cases 
were not entered in the study. Even whemmost of them were not married, 
some selection mechanism! was at work. The precise effect of this selection, 
for instance, regarding occupation of wives, is unpublished and unknown. 

(3) The indicator, by which the exposure to passive smoking was estimated, 
was neither specific nor was its reliability or validity assessed [24]' The state 
for a woman "being a nonsmoker and being married to a man who smokes 
a certain number of;cigarettes’’ was registered once in 1965. The duration of 
this status is unknown and was not accounted'for: A woman! living with a 
smoker in 1965 for: a year and then dying of lung cancer was treated as 
married to a smoker in the same way as a woman being aipassive smoker for 
30 years. A woman, who began smoking a year after the start of the study 
and who died of lung cancer, was treated as a nonsmoker. The exposure to 
sidestream smoke in' the working place for women - approximately 45% 
for men and 25% for women of the total exposure in Germany [40| - is not 
contained in.flic indicator. Being married to a man who smokes might mean 
a lot of oilier risks influencing the cause of deatlu. for instance risks from 
food, environment, social conditions, living in cities or in villages, size of 
living space at home, or occupation!of the:worncm The selection of partners 
will most certainly introduce some other risk factors-which have not been 


Source: https://www.industrydocuments.ucsf.edu/docs/szpx0000 


2023513513 



424 


K. Liberia 


Lung cancer fror 


accounted! for. It has been shown'that being married to a man who smokes 
is consistent with a wide variety of exposure to sidestream smoke [11, 
39; 59]. One study [11] shows, that 40 to 50% of persons with nonsmoking 
spouses reported! some passive exposure and conversely 30 to 35% who 
were married to smokers reported no exposure. The concordance on direct¬ 
ly and indirectly reported smoking habits of the spouse was 85% in another 
study [36]. Being married to a man who smokes is not a valid and accurate 
indicator of the extent to which one is exposed to passive smoking and is by 
no means specific. 

(4) The event — dying from lung cancer — was not assessed in a way which cor¬ 
responds to the state of the art. It is well known that the causes of death on 
death certificates disagree to a certain extent with the real cause of death. It 
is safe to assume that at least 10% have died from causes other than those 
specified on the d£ath certificate. In one study [13], the cause of death on 
death certificates was not confirmed by the treating physician in 16.7% of 
the lung cancer cases. An autopsy was available from only 23 (11.5%) of the 
200 cases. However, the histological type of lung cancer is decisive in estab¬ 
lishing a causal connection. Women frequently have adenocarcinomas, a 
histological diagnosis that is not believed to be connected to smoking as 
strongly as squamous or small cell carcinoma. Neither the exposure nor the 
event were assessed or monitored in a way approaching the standards which 
are applied in other fields of risk evaluation, for instance in studies on 
adverse drug reactions. 

(5) Various confounding factors were not adequately considered; in this study; 
for instance, exposure to other substances in the working place, (dust, 
fumes or vapours), overall air pollution, exposure to indoor pollution, such 
as kerosene stoves, genetic condition, food, type of medical care and 
others. 

(6) Bias in registering the fact that a woman was a nonsmoker, was neither com 
trolled for nor excluded. Some women who were active smokers might have 
declared themselves nonsmokers in a society where smoking women were 
not well accepted and who madfe up an absolute minority. Such women de¬ 
veloping lung cancer will!then be included as cases. 

(7) The percentage of possible misclassifications and its likely effect on the 
results have not beeniexamined. With a certain percentage of misclassifica¬ 
tions in the category "nonsmoking women” among the lung cancer cases, 
the statistical differences will disappear. Recent studies [26,35]'have shown 
that misclassification can easily explain the association between lung cancer 
and passive smoking in case control studies. 

(8) Almost nothing was reported on the 200 cases. There are no case reports 
available, from which individual histories can be judged or at least partly 
evaluated regarding other relevant factors. This is standhrdnn other areas, 
e g. the evaluation of rare adverse side effects fromdrugs. The core of evi¬ 
dence we have on the cases is that, during, 1965, 200 women'in Japan told 
an interviewer on a single occasion that they were, at that lime, nonsmok- 
ers, married to a smoker anditheir death certificate subsequently contained 1 
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the (perhaps erroneous) diagnosis lung cancer. This information is not very 
convincing to a scientist. 

(9) The trend in Iting cancer rates in Japan'between 1950 and 1979 was over 
nine-fold in men and over six-fold in women [31]. This risk increase cannot 
be explained by passive smoking. Comparing the total population to that of 
nonsmokers from Hirayama’s own data, this ratio is only four-fold in men: 
and just under two-fold in> women. This indicates that there might be some 
other important cause of lung cancer which was not studied. 

(10) Some statistical arguments have to be kept in mind: Nobody knows how 
many tests have been applied tothis material. Adjustments for multiple 
tests, however,; would considerably reduce significance levels. Statistical 
tests with huge numbers in the denominator are not as convincing as the 
accompanying small type I error indicates. The larger the number and the 
smaller the incidence, the more important are bias and confounding, For 
very small incidences, the theoretical models are not very appropriate. 
Diamond and!Forrester [10], using a Bayesian approach, have shown how 
small the posterior probability for Hirayama’s hypothesis could be. Using 
their analysis, Hirayama’s results could well be consistent with the null 
hypothesis. The statistical!significance of Hirayama’s risk ratios could be a 
matter of chance or an artifact induced by some of the many problems 
occurring in such a large study. 

Considering all these arguments* the study at best suggests the hypothesis of 
a causal association. Still, the null hypothesis might also be true. Even when a: 
dose-response relationship seems to exist in this study, chance, bias or con¬ 
founding factors could as adequately explain the results as does the hypothesis 
that passive smoking causes lung cancer. 
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Garfinkel 

This re-analysis [13] uses data from the ACS-study [12] and from the Dorn 
study [57] in the USA. Nonsmoking women (n = 176, 739) married to men with 
known smoking habits were included. The period from 1955-1972 was covered. 
The relative risk adjusted for several factors was 1.04 when women married to 
nonsmokers were compared to women married to husbands smoking more than 
20 cigarettes per day,. There was no statistical significance and no dose-response 
relationship. The authors; argue that if passive smoking is of practical impor¬ 
tance, then there should be amincrease in dentii rates due to lung cancer among 
nonsmokers. This could not be found. 

The sample size and the level ofl details of this study are comparable to 
Hirayama’s material. Some information, for instance on histology, is more 
specific. There is. however, no indication of a statistical! connection between 
passive smoking and lung cancer. The paper failed to reproduce the Hirayama 
results and did not add evidence to this hypothesis. If there is a relevant in¬ 
crease in lungenneer risk from passive smoking, it should also have shown up in 
GarfinkeTs study. The Garfinkel! study docs not of course disprove the 
H i r a y a n i a 1 i v p o 11 1 e s i s. 
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Giilis el al. 

This study was published in 19S4 [15] and presents oniy very few cases (6 men 
and S women); with lung cancer among nonsmokers. It does not show any trend 
or statistical significance because of these small numbers. This study contributes 
very little to the empirical evidence in either direction: 

Summarizing the evidence from cohort' studies, the conclusion is that only 
the Hirayama study, which has severe drawbacks, provides any empirical evi¬ 
dence in favour of the hypothesis that passive smoking may cause hmg cancer 
in nonsmokers. 
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In'assessing the relative risk of rare events, case control studies can provide 
valuable information by estimating odds ratios. Such studies cannot prove a 
causaliconnection. They can, however,, give sound empirical evidence, provided 
several studies have consistently similar results, the effect and the event are 
determined: with some validity, the odds ratios are large and bias can be 
adequately excluded. Twelve case-control studies have been published so far on 
the relationship between passive smoking and'lung cancer. 

Trichopoulos et al. 

In this study [55,56], 77 nonsmoking women with lung cancer and 225 non¬ 
smoking women with other diseases were compared with regard to the smoking 
habits of their husbands. The authors calculated an odds ratio of 2.4 and 3.4 
when comparing women married to nonsmokers with women married to men 
who smoke less than one pack of cigarettes per day and more than one pack per 
day respectively. The linear trend of these ratios is significant. The authors were 
aware of some of the limitations of this study and concluded that further investi¬ 
gations were warranted: 

The Trichopoulos study is a textbook example for some of the errors which' 
must be avoided if a case-control study is to be valid: 

— The cases are from three cancer hospitals, the controls from a hospital for 
orthopedic disorders. A systematic bias is therefore likely. 

— An interviewer bias must be expected: the same medical doctor selected the 
controls and interviewed them. He was fully aware of the goal of the study, 

— A bias in> recalling the passive smoking history is likely in patients. At least 
some of the cases knew their diagnosis, whereas the controls were not aware 
of a life-threatening disease. 

— Patients with adenocarcinoma and with alveolar carcinoma were excluded, 
so that there was a selection among the lung cancer cases. This makes it a 
study of a subset of lung cancer more associated with active smoking. 

— The histolbgicalitype of lung cancer is not available in 35% of the cases. 

— In assessing the exposure, there is no specificity and no validity. Misclossifi- 
cation might have occurred [26,35]. Being married to a cigarette smoker 
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Lung cancer from passive smoking 

may not be a valid indicator of exposure to passive smoking and could indi¬ 
cate various other risks. 

— Confounding factors, such as exposure at the work place, food, etc. were not 
considered. 

— The calculated odds ratios are incorrect, they should be 1.95 and 2.54 [il6]. 

— The risk of active smoking is on the same size order as that of passive smok¬ 
ing. a result that is biologically implausible. 

The total number of cases is small. The statistically “significant” results of 
this study might well be artifacts from chance, bias or confounding. The study 
provides no valid evidence for a causaliconnection of passive smoking and lUng 
cancer. 


Correa et al. 

Lung cancer patients (w = 1338) from a large number of hospitals in Louisiana 
were compared to 1393 controls from the same hospitals with regard! to the 
smoking habits of spouses and parents [7, SJ. Eight; male nonsmokers (from 
1036) and 22 women nonsmokers (fromi302);could be used for calculating odds 
ratios with regard to passive smoking. 

The exposure was estimated! ini total lifetime pack-years by interviewing 
patients or their next of kin. Women married to smokers with more than 40 
pack-years had an odds ratio of 3.52, which was significant (/*< 0.05). Various 
other odds ratios were calculated: but were within chance limits. The authors 
concluded that the similarity, of their findings with those of Trichopoulos 
strengthened the suspicion that passive smoking may contribute to lung cancer. 
The study also revealed a relative risk of: 1.66 for patients whose mothers 
smoked and of 1.04 if the father was a smoker.. The relative risk for patients 
whose mother smoked decreased to 1.36 when one takes into account the active 
smoking of the subject'. The effect' of maternal smoking is only significant in 
males. How maternal smoking causesdung cancer in males, but not in females, 
can only be a matter of speculation according to the authors. 

The numbers of nonsmoking cases are small. Misdassiflcation could be a 
sufficient explanation for the association. In view of the many calculated odds 
ratios, one single ratio reaching P < 0.05 is not surprising. There might be a 
selection bias. 76% of; the cases and 89% of the controls were interviewed by 
professional interviewers. It was not mentioned which percentage of the 
patients themselves and which percentage of the next of kin gave the informa¬ 
tion. This might be different in cases and controls. The inconsistencies in this 
publication can most easily be explained by the large number of odds ratios cal- 
culatedfroni very few nonsmoking cases, by possible bias, by chance, or by con¬ 
founding factors. The study does not'provide oonvincingcvidence for a causal! 
relation,between passive smoking and lung cancer. 


Sandler a al: 

The authors published three reports from the same data base [50, 51, 52|, 
covering in the first paper the effect of smoking of the, spouse, in the second 
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paper the combined effect of father, mother andispouse, and in the third paper 
only the childhood exposure. Several critical comments have been; published 
[5,17]L Cancer eases from all sites (n - 518) were compared to 518 controls in 
the first paper, and an odds ratio of 1.6 for all cancer sites and one of 1.6 for 
lung cancer was reported. 

These results are not very meaningful for a variety of reasons. Controls were 
selected by cases in 60%. The cases answered questions on smoking, knowing 
that they had cancer and that there is a relation between smoking and cancer. 
They proposed friends without cancer to answer questions on smoking, thereby 
possibly selecting friends with less exposure to smoke. The level of education 
differs significantly between cases and controls together with other confounding 
variables connected'with education. The reporting was not comparable between 
cases and controls: the number of missing values on marital status and occupa¬ 
tion are different and the same might have been the case in reporting on passive 
smoking. The results are not'presented by age and sex of the nonsmokers, so 
that details of the calculations cannot be verified. Combining all types of cancer 
with different etiolbgy and epidemiology does not make biological sense. The 
crude odds ratio for smoking is much smaller than the one for passive smoking, 
which is biologically, implausible. The authors claim that passive smoking is 
related to a number of cancers not related to active smoking, which is not plaus¬ 
ible, because active smokers are more exposed to sidestream smoke than non- 
smokers. There was no clearcut dose-response relationship. Exposure outside 
the home was disregarded. Misclassification could explain 1 part or all of the re¬ 
sults. The evidence for lung cancer is especially weak: there were only 22 cases 
reported, 20 of them smokers, so that the whole evidence on passive smoking 
and lung cancer in this study is based on two nonsmoking lung cancer cases. 

In the second and third papers, there is no further serious evidence on lung 
cancer caused by passive smoking. A large number of odds ratios and error 
probabilities is calculated, based essentially on the same two nonsmoking cases 
as in the first paper. Adjusting for multiple factors can add nothing to the evi¬ 
dence in such a case. There are at best hypotheses generated, most of which will 
not be reproducible in further studies. 

Chan and Fung 

In this paper [6], 84 female nonsmoking lung cancer patients were compared to 
139 controls regarding the smoking habits of spouses. The authors gave the 
numbers, but did not calculate the odds ratio, which is 0.75 and within chance 
limits. This study - giving the histological type of tumor and some information 
on cooking habits - does not support the hypothesis that passive smoking 
causes lung cancer. 


Koo et at. 

Koo ct al. have presented! three papers on, the subject [28; 29, 30),. giving an 
analysis of risk factors in 1781 lung cancer cases, from Hongkong ini the first. 
Since it is not.evident from the second and third 1 papers whether they refer at 
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least partially to the same cases, only the second paper with 200 cases and:200 
controls is considered here. The third paper with 120 cases and 120 controls had 
very similar results. 

Two hundred female lung cancer cases were compared with 200 female con¬ 
trols regarding the exposure to passive smoking. Eighty-eight cases and 137 
controls had never smoked (66 and 97 with passive smoke exposure, odds ratio 
1.24) and 112 cases and 63 controls had smoked. The histological!diagnosis is 
provided! for all cases. A very detailed interview of all cases and controls was 
conducted by trained interviewers. The information on the patients and con¬ 
trols is more detailed than in all other studies. The exposure to sidestream 
smoke at home and at work was included in the analysis and an attempt was 
made to quantify exposure. The calculated odds ratio is not significant. There 
was no dose-response relationship; The original 200 cases and controls were 
age-matched. However, these who had never smoked could have had another 
age distribution and no age standardisation was carried out. This study does not 
support the hypothesis that passive smoking causes lung cancer. 

Kabat and Wynder 

The authors [25] compared 134 nonsmokers out of 2668 lung cancer patients 
wilb 134 nonsmoking controls, which'were age-, race- and hospital-matched. 
The groups were comparable regarding religion, proportion of foreign born, 
marital status, residence, alcohol consumption and Quetelets index. Male cases 
tended' to have higher proportions of professionals and to be more highly 
educated than controls. No difference in occupation or occupational exposure 
was seen in men. The histological type of lung cancer in lifelong nonsmokers 
and in smokers was described for 8S2 men and 652 women; Information om 
passive smoking was available in 25 male cases and controls and in 53 female 
cases and controls. Spouses* current or past smoking habits were known'in 36 
cases and controls. There was no increase in risk comparing exposure at home 
or at work in women, and in men at home. Only in the subgroup of men with 
exposure at work was there a risk increase for the cases, the difference being 
just significant (P< 0:05). Such subgroup analyses are however misleading. 
Overall this study does not'support the hypothesis that passive smoking causes 
lung cancer. 

Miller 

In this paper [43] information was gathered!(telephone interviews with the next 
of kin): fromi 1 838: cases out of 4 130 deaths im Pennsylvania during 1975 and 
1976. Nonsmoking women (/r = 537), who were married and of whom there was 
information on the smoking habits of the Husband!, were analysed. 

Odds ratios were calculated for various subgroups comparing all cancer 
deaths with all.deaths by other causes regarding the smoking habit of the hus¬ 
band. The author:concluded!that the results of the study provide support for the 
hypothesis that long-term passive smoking leads to excess cancer: deathrates.in 
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exposed nonsmokers. The data simply do not'support such an hypothesis. Ih 
particular: 

— 44% of the available deaths were omitted because of incomplete informa¬ 
tion. 

— Jf the correct formulas are applied to the data and if age standardization is 
performed, the odds ratios are well within chance limits. 

— Confounding factors and bias in reporting are not seriously considered. 

This study, since it was not performed according to the state of the art, adds 

nothing to our knowledge. 


Garfinkelet al: 

In this case-control study [14] the authors compare 134 carefully selected 
nonsmoking women with lung cancer to 402 controls with cancer of the colon/ 
rectum. The cases were selected from hospital records and special attention was 
given to a verified histolbgicali diagnosis. The exposure to passive smoking was 
assessed by a standard interview and a quantification'of the exposure was 
attempted. The overall result was - considering the total exposure at home 
and at the working place - that there is no significant'risk increase. The odds 
ratio was 1.28 for the exposure during the last five years and 1.12 for the last 25 
years. There was no dose-response relationship regarding the overall exposure. 
Analysing various subgroups, there was one subgroup with a marginally signifi¬ 
cant risk increase: women married to men smoking more than 20 cigarettes per 
day at home (OR = 2.11, P < 0.05). There is no evidence of a passive smoking 
relationship where the data come from the woman or her husband. The odds 
ratios (OR)'increased'if the exposure history was not taken from the patient 
herself or fromiher spouse, but rather from'Other relatives or friends. A logisti¬ 
cal regression analysis, adjusting for age, hospital, socio-economic status and 
year of diagnosis, arrived at approximately the same type I error rate. 

This meagre result is weakened by the following considerations: 

— A bias due to misclassification of active smoking might: exist. The smoking 
habit was assessed in more than half of the cases not by themselves or by 
their husbands, but rather by thein children or someone else. This was done 
several years after the diagnosis, in many cases several years after death, and 
the relevant information had to include the time 20 and more years before. 
Active smoking of some cases that long ago might'not have been known to 
the person interviewed. 

— There is no evidence of an association when the data om smoking habits 
came from the woman themselves or from their husbands; it only appeared 
when the daughter, son or another personsupplied the information. 

— A lot of odds ratios were calculated in subgroups, which were not indepen¬ 
dent. If one adjusted for multiple testing, none of the slightly significant' 
numbers would'remain significant. The analysis of subgroups using confi¬ 
dence intervals quite often leads to invalid results and in this study also the 
negative findnations; around the chance Ibvet have to be considered. 

— The study presents direct evidence that misclassification of the subject smok¬ 
ing habits can bias estimates of passive smoking upwards. A strong associa¬ 
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lion is seen in the analysis of data based on hospital records and a much 
weaker association'is seen after partially correcting for it. 

— The high percentage of adenocarcinomas which are Ifess typical of active 
smoking could explain the meagre result of this study. 

The study does not provide evidence to support the hypothesis that passive 
smoking causes lung cancer. 

Lee cl al. 

In the latter part of a large hospital case-control study [36] of 56 lifelong, non¬ 
smoking lung cancer cases who were married once, 34 spouses were successfully 
interviewed om their cigarette consumption. A wide range of potential con¬ 
founding factors was considered. The spouses of 80 matched controls, whose 
condition was not related to smoking, were interviewed in the same way. Vari¬ 
ous odds ratios were calculated. Passive smoking was not associated with any 
significant increase in risk of lung cancer amongst lifelong nonsmokers. The 
overall! relative risk was 0.SO with an upper confidence limit of 1.50* which is 
less than some of the larger increases claimed in other studies. The authors dis¬ 
cussed limitations of past studies and concluded that any risk increase by passive 
smoking is at most small and may not'exist at all. 

The number of cases in this study is small and the type II error is therefore 
large. The study does not contribute positive evidence to the hypothesis that 
passive smoking causes lung cancer, nor does it disprove it. 

Akiba et al. 

Lung cancer cases and controls from Hiroshima and Nagasaki atomic bomb sur¬ 
vivors were compared in this study [I]. There were 113 nonsmoking long cancer 
cases, 94 of them women. Various odds ratios were calculated. The authors re¬ 
ported an overall oddsratio of 1.5 for lung cancer among nonsmoking women 
whose husbands smoked; which was just not significant at conventional levels. 
The risk tended to increase with'amount smoked by the husband and to de¬ 
crease with cessation of!exposure. 

Most of the cases had died before the study was conducted^ In only about 
10% of the cases could the smoking,habits of the husband and other informal 
tion be obtained directly from the cases. Only 52% of (he cases were verified by 
autopsy. There is some possibility of bias in this study left:: a fact that led the 
authors to conclude that: further studies were warranted where passive smoking 
exposure could be more fully quantified. 

Da lager et al. 

The authors [9| combined the cases from three case-controllstudies which had 
been published! earlier [3. 7,621L Ninety-nine nonsmoking, histologically con¬ 
firmed lung cancer cases were compared to 736 controIs. The cooperation rate, 
the source of passive smoking data, the gender groups included, like racial 
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groups included and the study design varied between Louisiana, Texas and 
New Jersey. The original! studies had opposite outcomes, Louisiana showing a 
positive relationship, and Texas a negative one. Only the home exposure to 
passive smoking was considered. There was no increase in the risk of lung 
cancer controlling for gender, age and study area as confbunders (OR = 0.84). 
Searching in subgroups, several analyses were performed leading to an odds 
ratio of 1.47 (only Louisiana and New Jersey , only smoking pattern of spouse), 
which was not significant. A dose-response relationship occurred only among 
females with increasing pack-years of exposure to spouse smoking, with an 
OR = 2.99 for females withunore than 35 pack-years of exposure. Here studies 
were not combined, and only Correa’s Louisiana data were reiterated. Consid^ 
ering histological types, the adjusted odds ratios were also not significant. The 
highest OR — 2.88 was found for squamous and small cell carcinoma. 

Most of the calculated odds ratios do not approach significance levels. The 
same sources.of bias are existent'here as in the study from Correa. Subgroup 
analyses have no confirmatory value. There was no adjustment for multiple 
testing. Miscl&ssification might be present . The study does show that the same 
type of bias could be present in all three case control studies. Especially in older 
females, whose husbands are heavy smokers, bias might be more important. 
Any effect seen was limited:to one of the three states, was of marginal signifi¬ 
cance and of doubtful! validity. This study, combining data from three sources 
and searching im subgroups, does not contribute convincing evidence for the 
hypothesis that passive smoking causes lung cancer. 


Knoth et at 

This study [27] is not a case-controlstudy in the strict sense. The authors found 
that from 39 female nonsmoking lung cancer cases, 24 (61.5%) were married to 
a smoking husband or were living together with a smoker. They compared this 
percentage with the percentage of smoking men 50 to 69 years of age in the 
population; which was, according to their sources, nearly three times smaller 
(22.4%). They felt that passive smoking was the most likely explanation* Ita 
comparing these two percentages, other explanations are at least equally likely. 

The real percentage of female nonsmoking lung cancer cases married to 
smoking males might be smaller than the one calculated:from the study group. 
The smoking habit was known only for approximately 35% of the original 
group, making selection bias and interview bias a distinct possibility. More 
answers can be expected from couples with a smoking husband. The duration of 
smoking and the time of exposure was not clearly specified, nonsmoking men 
who had been smokers were also indudedL The percentage of female lung 
cancer cases married to cigarette smokers is not a valid indicator of exposure. 

On the other hand, the percentage to be expected in such a group'was not 
estimated properly. Around 38:6% of! the men were active smokers in the 
“microcensus” conducted by the Federal Office of Statistics in 19801 In this 
census the definition of smoking is different from the one used in the study 
group. The selected age of 50 to 69 years is not well matched! to the age of men 
in the study group and! 22.4% was the average percentage of both male and 
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female smokers. 58% of all men and women in Germany are smokers at some 
time during their life (40) and of these 36.7% are smokers. The percentage of 
men who smoked sometime during their life is higher than 58% in the older age 
groups in men; most likely around two thirds of the population. It is therefore 
not unexpected that 61.5% of female lung cancer cases were married to such 
men: 

Comparing two improperly estimated percentages is not an acceptable 
method for epidemiological reasoning. This study adds nothing to the evidence 
that passive smoking might cause Ring cancer. 


Epidemiological evidence 

To date, there have been no animal studies published in which lung cancer is 
produced 1 by applying sidestream;smoke. Evidence on a causal!relationship be¬ 
tween passive smoking and lung cancer can therefore only be based on epi¬ 
demiological studies in man. 

Of the three prospective studies, only one [ IS, 20] shows a moderate risk in¬ 
crease of 1.74. This study by Hirayama cannot be regarded as really indicative, 
because it might be seriously flawed. It is, however, the only study which; since 
it does give some empirically sound evidence, should be taken seriously. 

Of the 12 case-control studies, two [27, 43] contribute nothing to the evi¬ 
dence, six show a moderate risk increase [1,8,9,14,50,56], but do not suffi¬ 
ciently exclude chance, bias and confounding, four studies [6,25,29,36] show a 
moderate risk decrease or no risk change. The histological type of tumor is not 
adequately reported in most of the case-control studies, the exposure is not 
assessedi with reasonable validity, and interviewer bias might be present: in most 
of them. 

The major trend of the evidence in the published studies is not clearly in 
favour of the hypothesis. There is no single study published so far according to 
the state of the art of epidemiological, research which gives reasonable, sound 
evidence. 

Ail studies with positive associations can just as well be explained by change, 
bias,; confounding or misclkssification. Such; poorly, conducted and;inconclusive 
studies cannot be added or pooled to get convincing evidence, as has been 
attempted in serious efforts to evaluate the situation [16]. Science should dis¬ 
regard poor studies. False plus false does not equalitrue. 

Going through the eight accepted criteria mentioned in the introduction, 
only two of them — dose-response relationship and statistical significance — are 
partly fulfilled if one treats the Hirayama study as conclusive. Thcnc is no con¬ 
sistency in the various studies in the sense that the same results arc reproduced 
in similar circumstances. On the contrary the results vary widely. The relative 
risk increase is small and at best;around 2. The exposure and the effect have not' 
been measured with validity and specificity. Bias and confounding factors have 
not been carefully excluded. There arc no; intervention studies. The biological 
plausibility is not convincing. Overall a causal!connection cannot' be : inferred.. 
Applying the IARC levels; of evidence, one comes to the conclusion: in- 
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adequate evidence. The observations on nonsmokers that have been made so 
far are compatible with either an increased risk from passive smoking or an ab+ 
sence of risk [23]. 


Discussion 

If passive smoking were an important causal factor for lung cancer, smoking 
pipes would be a much higher risk for lung cancer than it is. Nonsmoking bar¬ 
keepers and stewards should have increased lung cancer incidence, which has 
not been shown. Lung cancer would be much more frequent among nonsmokers 
— only 5 to 10% of lung cancer cases are nonsmokers. There would also have to 
be an increase in the incidence of lung cancer in nonsmokers, but this incidence 
has been rather stable during the last decades [13, 61], as far as we know. There 
should be histological pre-stages in passive smokers as there are in smokers. 
This is also not known. 

Recent studies [26,35]!have shown that misclassification alone can explain 
the results of the available case-control studies. Estimating the exposure to 
passive smoking by cotinine measurements in urine [2,40,41] without quality 
control, andiin the way as it has been done in studies so far [42,58], is not a valid 
and reliable indicator of exposure of individual cases. A recent evaluation of the 
evidence om passive smoking, [46] could not consider these facts, which were 
presented at a symposium [45] in October 1986. Whether the presence of many 
animal carcinogens in sidestream smoke alone — contrasted by missing epi¬ 
demiological evidence — is a reasonable argument for the assumption that 
passive smoking causes lung cancer in man, remains an open question. 

The toxicological evidence as summarized in [16] is based on exposure data 
and one the existence of carcinogenic and mutagenic substances in sidestream 
smoke alone. It is well known that the yield (per cigarette) of several carcino¬ 
genic substances and tar is higher in sidestream smoke than in mainstream 
smoke. The differences are partly due to modern filter techniques. However, 
analytical measurements of carcinogenic substances in sidestream smoke vary 2 
to 10 times, depending on the measuring techniques. The dilution in the air and 
the physical and chemical processes in the air one or more hours after pollution 
by sidestream smoke have only recently been investigated [53]L showing a fast 
decay of toxic effects within a short time. To what extent the various carcino¬ 
genic substances in sidestream smoke dilute or decay, depending for instance on 
time lengthy should be further investigated. Whereas the absorption of nicotine 
and'its pharmacokinetic and metabolism are relatively well known, this does 
not hold for a single carcinogenic substance contained in sidestream smoke. The 
amount of absorption of these substances. — not the amount inhaled how 
they act on the lung tissue, the metabolic pathways in the body and the way in 
which they act in man. are not known. 

What is known is that there are many carcinogenic substances in sidestream' 
smoke in very small concentrations. The evaluation of this fact depends on' the 
frame of reference. If there is really no threshold fbr carcinogenic substances — 
whichiis the paradigm to which some leading.toxicologists presently adhere, but 
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which might not be valid for a variety of reasons - and if every risk increase, 
however small and unlikely it coulchbe, should be avoided; the conclusion must 
be that passive smoking should be banned from toxicological evidence alone. 
The first “if” will be answered by toxicology during the next decade and the 
second “if ’ should be left to decisions of the society and its institutions and not 
to toxicologists alone. 

We should do all we can to reduce active smoking. Using the argument that 
epidemiological studies show passive smoking causes lung cancer — if this is not 
true — might be an obstacle to this goal in the long run. Such a possibly wrong 
argument might have serious negative effects on the credibility of epidemiology , 
which should be neither servant of the spirit of the age nor maid of toxicology. 
Further studies are needed, if one wants to come to an adequate andscientifi- 
cally sound conclusion concerning the question as to whether passive smoking 
causes king cancer in man* 

Acknowledgements. I want to thank H.W.LetzeU and L.C.Johnson for reading the manu¬ 
script and for helpful comments. 
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The risk ratios for passive smoking can be surpmineiv high (up to 
2 or 3), as reported both by Correa et al and others. These risk 
ratios would be more consistent with those found for active 
smoking, particularly among women, if the active smoker is ar 
greater risk also from his or her own passive smoke, again through 
the absorption of radioactivity on the smoke panicles passively 
inhaled; alio the relatively higher toxicity ofthe sidestream smoke 10 
might be important. 11 These and other aspects (eg, the urban-rural 
difference in lung oncer risk from smoking) are more thoroughly 
discussed elsewhere 12 in the context of indoor radon daughters. 
Finally, in view of the long latency penods observed among miners 
acquiring lung-cancer from radon daughter exposure, 11 one might 
suggest that the children of smoking mothers obtain an early 
exposure to increased levels of radon daughters at home and that 
smoking later in life promotes the development oflung cancer. 


Department oTDccupuimai Medicine. 

U*i*m«v HmpuaL 

S'Ml iSS LrMoptn*. S««dcn 


Hans Bergman 
Olav AXELSON 


LUNG CANCER AND PASSIVE SMOKING 

Sir,—I was surprised to read, in Professor Trichopouks and 
colleagues’ letter (Sept 17, p 677), a German study of passive 
smoking and lung cancer described as having yielded “positive 1 * 
results. The paper cited 1 contains ooiy tentative condusms based 
«Q poor data analysed by unac c ep ta ble methods. 

I was alio surprised that the findings from the Greek hospital 
study of passive smoking and lung cancer were alinost identical to 
those reported two years ago 2 despite a substantial increase m the 
numbers of cases and controls. In the 1981 report the relative risks 
oflung cancer for non-smoking women were 1, 1*8, 2*4, and 3*4 
according to whether their husbands did not smoke, were ex¬ 
smokers, or were current smokers of 1-20 or 21 or more agamies a 
day; the updated relative risks arc 1,1 * 9 ,2 * 4, and 3 • 4, respect ively. 

In the 1981 paper the relative risks agreed exactly with the 
appropriate cross-product ratios calculated from the numbers of 
cases and controls in the relevant category for husbands' smoking. 
In the latest results, despite the method being apparently identical, 
there is a clear disagreement between the relative risks provided by 
TrichopouJos et al and those I calculate (set table). 


RELATIVE RISK OF LUNG CANCER ACCORDING TO SMOKING HABITS 
OF HUSBAND 





Ogarrti ct per dav 
(current tmo ktn) 

Group 

Non-imoken 

E*-imokers 

1-20 

21-* 

RR (quoted) 

! i-o 

i-i 

2-4 

3-^ 

RR( calculated) 

1*0' 

_ i-V _ 

li-9 

2-5 


Relative • ratio o< nil rtf lync CJitavr imnnt mhrw* hutbJtvli be*ooc io a 

particular imoiint cairprvv ip itui: jflwwt huVv*nd> a#c nno-amcUum. 


My calculations suggest t hat the latest dita do not show as dear an 
mocianon between a woman's lung cancer risk with her husoand's 
smoking habits as the earlier data did. Indeed, relative risks 
calculated from the additional data are 1, 2*0, 1-8, and 1 * 8 and do 
show the dose-response relax ion seen earlier. This doubt, added 


• Hiraumj T SoiviirM4in( «rrvc» of he»w unMtrt K»-r a ft if her ru* oTlunf cancer: > 
uudy tram japan, Br MedJ. 1981: ZS2: 18>-«S 
V TnchopoutM D. Kaiindidi A. Spams* L. Mac Mj bon B Lunf cancer *nd punvt 
unofu.ni; Imt, 7 CJnerr 1981.27: J-h-4 

10 SurfYoni General The health ctMUcflutncn of *mc*inf Cancer. 9Cuiunf ton. DC US 

Depi oCiHmIiK. Educaiusnand «T r lfu<, l9*'7DHH$<rHS> 82-WI79 
ID. SfOCfcSL Passive vnofcifif and lung cancer U«..t 1982. i 101 *— I ft. 

11 AitiwnO Room tor a rate for radbn in lung cancer causation M*J Hrpot* ua picvu 

I J ■ Aaclaon 0. Sundell L. Minin*. lun* uncnind imoiunj ] lTn»* £irt-r-r»*i Huit* 

>978. 4: *6-S’ 

IK noth A.. Bohn Hi. Schrmdil F Pavsivraucheri si» Lunf rnsrctnuirsjchc hen 
NiChtraucNcnnncn SLJ 'KIin flrjs 1981.. 71: ^4-^9 
Tricnopoutoi D. KalindidnA. Sparrcn IL M-ic.Manon B Lunc cancer and passive 
unotunt ftu 7<C>r*c,T |901.27 i 1-4' 


«£© doubts about the histological evidence and the use of cates and 
controls from diilcrent hospitals (limitations which Tnchopoulos et 
al concede), prompts one to ask if the study really does add to the 
^evidence implicating passive smoking as a factor in lung cancer. 

Institute of Statist ids. " 

VnivcTiMv ot' Karbrubc. 

D-7S00 karlw-ub* I. U cu Germany WOLF-DlETER HELLER 


POTASSIUM CHLORIDE SUPPLEMENTS 

SiR,—As your Round the World correspondent predicted, 1 the 
US Food and Drug Administration advisory committee meeting of 
March 2 on the controversy of wax-matrix versus 
microencapsulated potassium chloride preparations proved 
inconclusive. A few points about this controversy arc worth noting. 

The study by McMahon et al,* showing a favourable result for 
‘Micro-K’ (A. H. Robins) in comparison with *Slow-K‘ (Gba- 
Gogy) was sponsored by Robins. The study by Patterson et al, 3 
showing no difference between micro-K and slow-K, was sponsored 
by Gba-Geigy. Both studies have been confirmed by other studies 
sponsored by the respeaive company. 

Gba-Geigy, whilfc denying that slOw-K is more ulcerogenic than 
micro-K, has boughi from Alfred Benzon Lad, Denmark, a licence 
for ‘Kalinorm*, a microencapsulated (pellet) preparation of KQ 
similar (or identical) to micrchK. It seems remarkable that Gba- 
Gcigy is planning to market this preparation when, according to. 
Gba-Geigy *s US subsidiary, “Slow-K has an established clinical 
record unparalleled by any other solid K supplement”. 

It seems that, privately, Gba-Geigy has concluded that kalinorm 
is as good as micro-K, and that it is better than slow-K, but they 
would presumably consider it scientifically incorrect to conclude 
that micro-K is better than slow-K. 

Finally I would emphasise, as your RTAX' correspondent did, that 
doctors should “re-evaluaic the decisive need for a potassium 
supplement and, if the indication is clear, prescribe it as a liquid’*. 
The findings of Patterson et al 3 clearly support this. 

Fuminkn 2“. 

S-4JI44PamUc.5«defi CX.LE HaNSSON 


•/This tetter has been shown to Dr Burley, whose reply 
follows — Eo. L. 

Sir,—O ne of the main reasons why slow-re lease formulitions of 
potassium were developed was the unaccepiability of liquid 
potassium. Indeed, Patterson et al 1 reported that KGP elixir was 
poorly tolerated in their trial, giving rise to abdominal pain.and 
heartburn in 9 of the 15 volunteers (60^o). Dr Hansson omits to 
mention this. The issue is therefore whether the nsk/bcnefit ratio of 
‘Slow K* is acceptable. There are eighteen years of clinical 
experience with slow K in the UK, during which over 4-5 million 
patient-years of treatment has been prescribed: with ‘Micro K* 
formulations there is almost no clinical experience. Less than 50 
cases of significant alimentary side-effects have been re ported with 
slow K. and some of these were manifestly brought about by 
previous strictures or oesophageal obstruction due to cardiac 
enlargement. It would be hard to point to a comparable safety record 
with any other wideIV used drug. The fact that a company may be 
investigating or pursuing alternatives is an indication ofimcresi and 
involvement in the area, and should not be interpreted as a loss of 
confidence in an existing product. 

Ctto*-Geirv Phsm»«uiicaiv 

Honlum. YcuSuncs DENIS B.URLEY 
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RISK ESTIMATES FOR NONSMOKER LUNG CANCER 
BASED UPON MODELING PROCEDURES 

In 1985, Repace and Lowrey published an article claiming that 
exposure to ETS is responsible for 500 to 5,000 lung cancer 
deaths per year in the United States. 1 This report received 
extensive press coverage upon its release. 


The report contains two highly theoretical models for 
estimating risks of lung cancer from ETS exposure. One model 
relies upon a "reinterpretation" of the epidemiologic studies 
of lung cancer in nonsmokers; the second model estimates lung 
cancer mortality among nonsmokers based on a single study 
dealing with the Seventh Day Adventists, a religious group 
known for its vigorous opposition to smoking. 


Critics of the Repace and Lowrey approach have pointed out 

that the estimates are based on errors and "unrealistic 

. . . 2 
assumptions" which result in overestimations of exposure. 

One analysis of' the model showed that, depending on the 

assumptions and input data used, the estimates are inherently 

3 

inaccurate and may vary by as much as 300-fold. Another 
scientist noted that the exposure and dose levels used in the 
modeling exercise were not based on actual measurements; such 
measurements reported elsewhere range from "ten- to one- 

4 

hundred-fold less than that in the Repace and Lowrey model." 
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Other criticisms have focused on the report's methods of 
. 5-7 

analysis, and suggest that Repace and Lowrey failed to 
control for other confounding factors, and that their model 
did not provide "the very statistical bases of estimation 
procedures. 1,4 

Repace and Lowrey's estimate of nonsmoker lung cancer risks 
in the workplace was also criticized by scientists who noted 
that none of the epidemiologic studies of ETS exposure and 

disease in nonsmoking working women report a statistically 

. . . . . 2 
significant increase m risk. 

Two British researchers. Darby and Pike, published a paper in 
1988 describing another type of mathematical model which 
predicted potential effects from ETS exposure based on data 

Q 

from a study on active smoking. Even when adjustments were 
made for childhood exposure to ETS, the authors reported that 
the model predicted a risk for nonsmokers that was smaller 
than "the underlying background risk for lung cancer." They 
concluded that their model could not explain the difference 
between risks reported for nonsmokers in epidemiologic studies 
and the low levels of ETS exposure reported in other studies. 


- 2 - 
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The Darby and Pike model was criticized in 1990 by Wald, et 

al., authors of one of the earlier meta-analyses on the 

epidemiologic studies of ETS exposure and lung cancer 
9 

incidence. Wald's group questioned Darby and Pike's 

conclusion that there was a discrepancy between risks estimated 
by epidemiologic studies and by exposure data. Darby and 
Pike replied that the existing cotinine data employed by Wald, 
et al., were possibly both insufficient and inappropriate to 
allow an adequate comparison to be made with the epidemiologic 
data. 10 


In 1991, Peter N. Lee published an article investigating the 
process of risk assessment as applied to the spousal smoking 
data. 11 After reviewing a number of potential sources of 
bias in the epidemiological literature, as well as commenting 
on the conclusions of the authors of previous risk assessments, 
Lee concludes: 


The epidemiology has indicated a magnitude of 
risk in relation to spouse smoking that is 
implausibly large compared with what is known 
about the extent of ETS exposure involved. 
There are clear weaknesses and sources of bias 
in the epidemiology which could invalidate 
risk assessments based on it. The most 
important of these are misclassification bias 
and failure properly to compare like with like 
in case-control studies, but failure to 
properly take confounding variables into account 
and publication bias are also relevant. 


- 3 - 
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Lee continues: 


All three risk assessments criticised in this 
document take the epidemiology virtually at 
face value, with no real discussion at all of 
its weaknesses. Thus Kawachu et al mentions 
only publication bias (and dismisses it), while 
Wells considers only misclassification bias 
(and then inadequately corrects for it) . Repace 
and Lowrey do not discuss any sources of bias 
at all ... No reasonable scientific criteria 
are used to decide what constitutes a valid 
study before it can be included in a risk 
assessment — studies conducted with complete 
disregard of basic scientific principles are 
included as if they were as valid as carefully 
designed studies. 


- 4 - 
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Lee continues: 


All three risk assessments criticised in this 
document take the epidemiology virtually at 
face value, with no real discussion at all of 
its weaknesses. Thus Kawachi et al mentions 
only publication bias (and dismisses it), while 
Wells considers only misclassification bias 
(and then inadequately corrects for it) . Repace 
and Lowrey do not discuss any sources of bias 
at all ... No reasonable scientific criteria 
are used to decide what constitutes a valid 
study before it can be included in a risk 
assessment — studies conducted with complete 
disregard of basic scientific principles are 
included as if they were as valid as carefully 
designed studies. 


Finally, while not truly a risk assessment, a review article 
published in 1993 by Michael Siegel purported to present data 

supporting the position that ETS exposure posed a lung cancer 

. 12 
risk to persons employed m restaurants and bars. Siegel's 

paper was based on two premises: that ETS exposures were 

higher in restaurants and bars than in other indoor 

environments, and that food-service workers had a higher risk 

of lung cancer than the general population. Siegel compared 

these two disparate sources of data to reach his conclusion 

that a 50% increase in lung cancer risk among food-service 

workers could be attributable to ETS exposure in the workplace. 
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V A QUANTITATIVE ESTIMATE OF NONSMOKERS’ 
LUNG CANCER RISK FROM PASSIVE SMOKING 


J L Repace 

US Environmental Protection Agency. Washington, DC 20460. USA* 


A H. lowrey 

Duvai Research Laboratory. Washington, DC 20375, USA* 


iMei ttvtd 12 May 1984; Accepted il January 1985) 


Thu work presents a quantitative assessment of nonsmokers’ risk of lung cancer from passive smoking. 
The estimates given should be viewed as preliminary and subject to change as improved research becomes 
available. It is estimated that U.S. nonsmokers are exposed to from 0 to 14 mg of tobacco tar per dajf* 
and that the typical nonimoker is exposedno^K4'mg'perday , . t A phenomenoiogicahexposure-responsflfi? 
re^jonshiwvderivcd. yielding 5 lung cancer deaths per year per 100,000 persons exposed, per mg dailyf 
tar expolureyThi* relationship yields lung cancer monaiity rates and mortality ratios for a U.S. cohort 
which arc consistent to within 5^* with the results of both of the large prospective epidemiological studies 
of passive smoking and lung cancer in the United States and Japan. Aggregate exposure to arobiehpP 
tobacco smoke is estimated to produce about 5000 lung cancer deaih£?per^Ytar in U.S. nonsmokers 
aged £ 35 yr, with an average loss of life expectancy of 17 * 9 yr per fauiity^he estimated risk to the 
most-exposed passive smokers appears to be comparable to that from pipe and cigar smoking. Monaiity 
from passive smoking is estimated to be about two orders of magnitude higher than that estimated # for 
carcinogens currently regulated as hazardous air pollutants under the federal Clean Air Act. 


li • 


Introduction 

Exposure of nonsmokers to indoor air pollution from 
tobacco smoke (also known as involuntary or passive 
smoking) has recently become a public health concern 
(USSG, 1982) for several reasons: such exposure is 
widespread (Repace and Lowrey, 1980; Friedman et aL, 
1983); studies of the effects of tobacco smoke ori l $moker$ 
worldwTMS^^ 

1982; Doll and Peto, 1981); 
existence of a threshold for carcinogenesis is doubtful 
(USSG 1982; 1RLG, 1979; U.S. EPA, 1979a; IARC, 
1979; Pitot, 1981); and there is suggestive new evidence 
of lung ’tancer (and other serious health effects) in 
nonsmokers exposed to ambient concentrations of 
tobacco smoke (Trichopouios, !98J, 1983; Hirayama, 
1981a, 1981b, 1983a, 1983b; Garfmkel, 1981; Correa et 
at.. 1983; Knoth et at.. 1983; Giliis et at., 1983; Koo et 
al.. 1983; Rabat and Wynder, 1984; Miller, 1984; 
Sandler et of,, in press a.b). 

There are three important fractions of tobacco 


•The view* presumed in thi* artielb are iho>e of ihe author*, and do 
not neteisariJy relied ihc policies of iheir respective agencies, 


smoke: mainstream smoke, which the smoker inhales 
directly into the lung; exhaled mainstream smoke, that 
fraction of the mainstream smoke which is not retained 
in the lungs of the smoker, and sidestream smoke, that 
fraction of tobacco smoke emanating directly from the 
burning end of the cigarette into the air. Nonsmokers 
are commonly exposed to tobacco combustion products 
in diluted sidestream and exhaled mainstream tobacco 
smoke from cigarettes, cigars, and pipes (Repace and 
Lowrey, 1980). Tobacco smoke contains 60 known or 
suspect carcinogens, including 51 in ihe phase contain¬ 
ing particulate matter; the carcinogenic activity of to¬ 
bacco smoke appears to require this phase (USSG, 
1982)t Animal bioassays indicate that sidestream' to¬ 
bacco tar is more carcinogenic per unit weight than maim 
stream tar (Wynder and Hoffman, 1967). For public 
health purposes, it will be assumed that mainstream and 
sidestream smoke have similar human carcinogenic 
potency. 

In his 1982 report on cancer and smoking (USSG, 
1982)i the U.S. Surgeon General asserted that despite 
the incompleteness of the evidence, nonsmokers should 


3 
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avoid exposure to second-hand smoke to the extent 
possible, a risk-management judgement supported by 
the World: Health Organization and the National 
Academy of Sciences (WHO, 1979; NRC, 1981). 

This raises the question of whether the quantity of 
tobacco tar to which the average nonsmoker is exposed 
creates a significant risk of lung cancer. In order to 
answer this question; a quantitative risk assessment is 
first justified and! then performed. Risk assessment is 
the use of science to define the health effects of expo¬ 
sure of individuals or populations to hazardous materials 
or situations (NRC, 1983). Risk assessments contain 
some or all of the following four steps: 

(1) Hazard identification-the determination of 
whether a particular chemical is or is not causally linked 
to certain health effects. 

(2) Dose-response assessment - the determination of 
the relation between the magnitude of exposure and the 
probability of occurrence of the health effects in ques¬ 
tion. 

(3) Exposure assessment - the determination of the 
extent of human exposure before or al ter application of 
regulktory controls. 

(4) Risk characterization-the description of the 
nature and often the magnitude of the human risk, in¬ 
cluding attendant uncertainty. 

In^other words, quantitative risk assessment deals with 
the question of how much morbidity and mortality an 
agent is likely to produce given specified levels of ex¬ 
posure. Typically utilized in the regulation of carcino¬ 
gens, it is important because control efforts cannot pro¬ 
ceed without assurance that the health gains are worth 
the cost (Lave, 1983; Albert, 1983). On the basis of such 
assessments, informed risk management judgements 
can be made. 

This work draws upon the epidemiology of lung 
cancer (USSG, 1982; Pitot, 1981; USSG, 1979; Ives, 
1983) and on indoor air pollution physics (Repace and 
Lowrey, 1980, 1982; NRC, 1981) to produce a risk anal¬ 
ysis (1RLG, 1979; U.S. EPA, 1979a; Lave, 1983; COST, 
1983; Fischoff ei a! 1981; NRC, 1983) in which non, 
smokers’ lifestyles are correlated to exposure to airborne 
tobacco tar, and incidence of lung cancer. This analysis 
first reviews estimates of the average exposure of the 
general population of ambient tobacco smoke. Second, 
it reviews studies linking tobacco-rclated disease in non- 
smokers to exposure-related variations in lifestyle. 
Third; it couples these two fariors to develop a phe¬ 
nomenological estimate for the aggregate lung cancer 
risk to the U.S. nonsmoking population, and develops 
an exposure-response relationship for the estimation of 
the risk to the most-exposed. Fourth, it compares the 
estimated level of lung cancer mortality and resultant 
loss of life expectancy from passive smoking to those 
from cigarette, pipe, and cigar smoking. Fifth, it com¬ 


pares the predictions of alternate exposure-response 
relationships with the results of two large prospective 
epidemiologic studies of passive smoking and lung 
cancer, and performs a sensitivity analysis. Finally this 
work compares the estimated risk from ambient tobacco 
smoke to that from various airborne carcinogens cur¬ 
rently being regulated in the United States as hazardous 
air pollutants, to place the significance of the estimated 
risk in perspective. 

Variation of Exposure with Lifestyle 

In earlier work (Repace and Lowrey, 1980, 1982, 
1983, 1984; Repace, 1981, 1982, 1983, 1984, in press; 
Repacc ei aL„ 1980, 1984; Bock ei aL , 1982) factors af¬ 
fecting nonsmokers’ exposures to tobacco smoke were 
studied, and field surveys of the levels of respirable par¬ 
ticles were conducted indoors and out, in both smoke- 
free and smoky environments. This work established 
that ambient tobacco smoke imposed significant air 
pollution burdens on nonsmokers, and; using controlled 
experiments (Repace and Lowrey, 1980, 1982, 1983), a 
model was developed to estimate those exposures. This 
model predicts that the exposure of U.S. nonsmokers 
ranges from 0 to 14 mg of cigarette tar per day (mg/d), 
depending upon the nonsmokers’s lifestyle. As derived! 
in Appendix A and shown in Table 1, the average popu¬ 
lation exposure for adults of working age, averaging 
over the work and home microenvironments, is about 
1.43 mg/day (Repace and Lowrey, 1983) with an 86% 
exposure probability. 

Table 1, derived from the model in Appendix A, 
estimates probability-weighted exposure to the particu¬ 
late phase of ambient tobacco smoke for a typical U.S. 
adult nonsmoker. Exposures received in other (Repace 
er a/., 1980) indoor microenvironments, outdoors, and 
in transit, which account for the remaining 12% of peo¬ 
ple’s time, were omitted. Table 1 is derived from con¬ 
siderations that ambient concentrations of tobacco tar 
have been found to be directly proportional to the 
smoker density and inversely proportional to the ven¬ 
tilation rate (Repace and Lowrey, 1980). Ventilation 
rare tables given by ASHRAE (1981), can be used to 
estimate both the range in ventilation rate (from the 
design mechanical rates) and smoker density (from the 
design occupancies), and thus upper and lower bounds 
and average concentrations for model workplace and 
home microenvironments can be estimated. 

Table 1 suggests that individuals receiving exposure 
both at home and at work constitute a high exposure 
group, with the workplace appearing four times as 
strong a source of exposure as the home; the reason for 
this differential is the generally higher occupancy (i.e., 
smoker density) encountered in the workplace (Repace 
and Lowrey. 1982; ASHRAE, 1981). Tins estimate of 
exposures represents a modeled weighted average taken 
over the entire population, including those who are not 
exposed. 
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Table I. Esumaied probabilities of nonsmokers* exposure to tobacco smoke at home and at work 
(after Kepace and Lowrcy, 1983; Appendix A):* Nonexclusive probability of being exposed at work: 
63^i>; probability of not being exposed at work: 37^*. Nonexclusive probability of being exposed 
ai home: 62*/#, probability of nor being exposed at home: 38^*. 


Lifestyle: Exposure (mg) 

Daily Average Probability of Being Exposed Modeled Daily 

(Rounded Values) Daily Average Probability-Weighted 


At work and at home: 

63 x 62 

* 39 

2.27 

0.89 

Neither ai work nor at home: % 

37 x 3* 

= 14 

0.00 

0.00 

At home but not at work: % 

62 x 3 7 

* 23 

0:45 

0.10 

At work but not at home: 

63 X 38 

= 24 

1.82 

0 44 

Total: 


100 


1.43 


•The estimated exposure to the particulate phase of ambient tobacco smoke for U.S. adults of working 
age, at work and at home (these two microenvironments account for an estimated 88of Lhe average 
person’s-both smokers and nonsmokers —time), determined from average concentrations of tobacco 
smoke calculated for model workplace and home microenvironments, weighted for average occupancy, 
as derived in Appendix A. 


Jarvis and Russell (in press), in a study of urinary 
coiinine (a nicotine metabolite) in a sample of 121 self- 
reported nonsmokers, state that only 12% of subjects 
had undetectable coiinine levels, despite nearly 50% 
reporting no passive smoke exposure, in a study of 472 
nonsmokers, Matsukura (1984) examined the relation¬ 
ship of urinary coiinine to the smokiness of their en¬ 
vironment, and found that nonsmokers who lived or 
worked with smokers had higher coiinine levels than 
those who did not. Matsukura et al:, (1984) also found 
lhai coiinine levels increased with the number of smokers 
present in the home and lhe workplace; however, none 
of the differences were statistically significant, except 
for the lowest urinary coiinine level of the nonsmokers 
who were not exposed to tobacco smoke in the home or 
the workplace. These studies respectively illustrate the 
widespread exposure of nonsmokers to ambient tobacco 
smoke, and the relative importance of the domestic and 
workplace microenvironments in such exposures. 


Epidemiological Evidence for the Variation of 
Risk with Lifestyle: 

Pulmonary Effects 

White and Froeb (1980) evaluated the effect of 
various degrees of long-term (> 20 yr) workplace expo¬ 
sure to tobacco smoke on 2100 healthy middle-aged 
workers. Of these workers, 83% held professional; 
managerial; or technical positions, while the remaining 
17% were blue-collar workers. Relative to those not ex¬ 
posed at home or at work, passive smokers of both sexes 
suffered statistically significant declines in mid- and 
end-expiratory flow rates which averaged about 13.5% 
and 22% respectively, and did not differ significantly 
from the values measured in noiunhaling or light smokers 
of cigarettes, pipes, and cigars. They concluded that 
chronic exposure to tobacco smoke in the work environ¬ 
ment reduces small airways function to the same extent 
as smoking 1 to 10 cigarettes per day. * 11 


Kauffmann et aL (1983) compared pulmonary func¬ 
tion in about 3800 people in France: 849 male “true” 
nonsmokers (defined as those not exposed at home), 165 
male passive smokers (defined as those exposed! at 
home), 826 female “true” nonsmokers, and 1941 female 
passive smokers. The authors restricted the analysis to 
subjects aged 40 yr or older (i.e., to those who had been 
exposed for 15 or more yearsto smoking by their spouses) 
and who were living in households with no persons over 
the age of 18 yr except their spouses. They found that 
nonsmoking subjects of either sex whose spouses were 
current smokers of at least 10 g (about 10 cigarettes) of 
tobacco a day had mid-expiratory flow rates averaging 
11.5% lower than those married to nonsmokers. For 
women in social classes with the highest percentage of 
paid work, the effect of workplace smoking appeared to 
confound the effect of passive smoking at home. How* 
ever, in the large subgroup of women without paid work 
(i.e., not exposed to workplace smoking), a clear dose- 
response relationship to amount of husbands* smoking 
was observed. They concluded that women living with 
heavy smokers appeared to have the same reductions in 
mid*expiratory flow rates as light smokers, and that 
after 15 yr exposure in the home environment, passive 
smoking reduces pulmonary function. 

A third study by Kasuga (1983) of urinary hydroxy- 
proiine-to-creatinine (HOP-r) ratios as a function of 
passive smoking status showed that HOP-r levels in 
nonsmoking wives and children varied in a dose-response 
relationship with husbands* and parental smoking hab¬ 
its, when adjusted for pre-existing respiratory disease. 
Kasuga (1983) asserts that HOP-r serves as a marker to 
detect deleterious active and passive smoking effects on 
the lung, before and after the manifestation of clinical 
symptoms, and that urinary HOP-r in light-smoking 
women is almost equivalent to HOP-r in nonsmoking 
wives with heavy-smoking husbands. 

These three epidemiologic studies provide evidence 
that variations in the exposure of adult nonsmokers to - 
ambient tobacco smoke at home and, particularly, at 
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work, can produce observable pulmonary effects. Like 
effects have been observed in children exposed at home 
(Tager et aL . 1983). 

Cancer 

Thirteen epidemiologic studies have explicitly ex¬ 
amined the lung cancer risk incurred by the nonsmoking 
spouses of cigarette smokers, in all but one study, the 
only exposure variable was the strength of the spouse's 
smoking habit. The studies were conducted in Greece 
(Triehopouios et al. t 1981; 1983), Japan (Hirayama, 
1981a, 1981b, 1983a, 1983b), the United States (Gar- 
finkcli 1981; Correa, et aL, 1983; Kabat and Wynder, 
1984; Miller, 1984; Sandler, et aL, a and b, in press), 
Germany (Knoth et a /., 1983), Scotland (Gillis et at 
1983), and Hong Kong (Chan and Fung, 1982; Koo et 
aL, 1983). 

in the Greek study, Triehopouios et aL (1981, 1983) 
used the case-control technique: involuntary exposure 
to cigarette smoke as measured by the husbands' daily 
consumption was found to increase the average risk of 
lung cancer by a factor of 2.4 (p < 0.01) when 77 lung 
cancer patients were compared to 225 controls, and a 
dose-response relationship was observed. Divorce, 
remarriage, husband's death, and change in smoking 
habits were considered. 

In the Japanese study (from 1966 to 1981) of lung 
cancer in 91,540 nonsmoking women, Hirayama (1981a, 
1981b, 1983a, 1983b) used the prospective technique: 
relative to those women not exposed at home (controls), 
involuntary exposure of wives of smokers was found to 
increase the average risk of lung cancer by a factor of 
1.78 (p < 0.001), where the exposure was also 
estimated from husbands' daily consumption. The an¬ 
nual lung cancer death (LCD) rate in the controls was 
8.7 per 100,000. Hirayama found that the exposed wives 
experienced an average annual increase in Jung cancer 
mortality rate of 6.8 per 100,000, with a range of 5;3 to 
9.4 per 100,000, in a dose-resppnse relationship depend¬ 
ing upon the degree of the husband's smoking. Hirayama 
found further that the risk of lung cancer death in non¬ 
smoking women increased both with the lime of expo¬ 
sure and number of cigarettes smoked daily by the hus¬ 
band. Hirayama also reported a factor of 2.9 ( ±0.3^ at 
the 95% confidence leyei) for increased risk of lung 
cancer in 1010 nonsmoking husbands with smoking 
wives. 

More recently, Hirayama extended his earlier work to 
suggest increased risk of nasaJ sinus cancer, and ischemic 
heart disease in passive smokers, and evidence of de¬ 
creased lung cancer risk in nonsmoking wives of ex¬ 
smokers. With respect to cancer of the para-nasal si¬ 
nuses in nonsmoking wives (n = 28); Hirayama found 
standardized mortality ratios of 1.00, 2.27, 2.56, and 
3.44 when husbands were nonsmokers, smokers of 
1-14, }5-19, and >20 cigarettes per day, respectively 


(p = 0.01). For ischemic heart disease, risk elevations 
for nonsmoking wives (n = 494) with the extent of 
husbands' smoking were reported, with standardized 
mortality ratios of 1.00, 1.10, and 1.31'when husbands 
were nonsmokers, smokers of 1-19, and >20 cigarettes/ 
day, respectively (p < 0.02). For lung cancer, the stan¬ 
dardized mortality ratio of lUng cancer in nonsmoking 
women (n = 200) was 1.00, 1.36, 1.42, 1.58, and 1.91 
when husbands were nonsmokers, exsmokers, daily 
smokers of 1-14, 15-19, and >20 cigarettes/day, 
respectively. 

In the first \J. S. study, Garfinke! (1981) reported 
results from an analysis of data collected from the 
American Cancer Society** (ACS) prospective study of 
lung cancer risk in 176,739 nonsmoking white women 
(1960 to 1972) as a function of involuntary exposure as 
indicated by their husbands' cigarette consumption. Of 
the total, 72% of the nonsmoking women were married' 
to smokers. Three smoking categories were identified: 
none, less than one pack (20 cigarettes) per day, or 
greater than one pack per day. Garfinkel reported statis¬ 
tically insignificant risk ratios of 1.00, 1.27, and 1.10, 
respectively, for the three categories (average 1.20 over 
the exposed categories). Also reported were age-stan¬ 
dardized death rates, which were respectively 13.8,12.9, 
and 13.1 Jung cancer deaths per JOO'OOO person-yr for 
this cohort in 1960-1964, 1964-1968, and 1968-1972 
(average 13.3 per 100,000 person-yr for the period 
1960-1972). The death rates were standardized to the 
distribution of white men and women combined for the 
U:S. population in 1965, which decreased the rates for 
females “slightly.” 

More recently, Correa etaL (1983) studied 8 male and 
22 female nonsmoking lung cancer cases and 180 male 
and 133 female controls as part of a larger study includ¬ 
ing smokers, with 1338 lung cancer cases and 1393 con¬ 
trols, in Louisiana. They reported that nonsmokers 
married to heavy smokers had an increased risk of Jung 
cancer, as did smokers whose mothers smoked. Men 
with smoking wives had^ nonsignificant risk ratio of 
2.0 compared to their counterparts with nonsmokir^g 
wives, and w ( qmen wjty) smoking husbands had an 
average risk ratio of 2.07 (p < 0.05) compared to 
women with nonsmoking husbands. An exposure-re¬ 
sponse relationship was observed, with the peak risk 
reaching 3.5 (p < 0.05). The combined data for men 
and women passive smokers was significant (p < 0.05) 
for the heavier smoking category ( > 41 pack-years). 

A third U.S. case-control study, by Kabat and' 
Wynder (1984), reported on passive smoking and lung 
cancer in nonsmokers for 25 male cases and 25 controls, 
and 53 female cases and 53 controls, where the majority 
of the patients were from New York City. The controls 
consisted of patients hospitalized for non-smoking- 
relaied diseases, roughly two-thirds being cancer pa¬ 
tients. No differences on exposure to passive smoking at 
home or at work were found in the women. However, 
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the male passive smokers displayed a statistically signifi¬ 
cant (p = 0.05) difference in lung cancer (odds ratio 
•1.6) relative to the non-exposed group. 

A fourth U.S. study by Millbr (1984) of mortality 
from all forms of cancer in 123 nonsmoking women 
(only 5 lung cancer cases) as a function of husband's 
smoking history reported a nonsignificant odds ratio of 
1.4 for all women (p - 0.15) for women whose hus¬ 
bands smoked relative to those who did not; when em¬ 
ployed women were excluded, the odds ratio increased 
to 1.94 and was statistically significant (p < 0.02). 

A fifth U.S. study of Sandler et ai. (in press a) also ex¬ 
amined mortality from all forms of cancer related to 
passive smoking, in both nonsmokers and smokers [231 
cases and 235 controls (70% white and 67% female); 
only 2-cases of lung cancer in nonsmokers] as a function 
of spouses'smoking habits. Cancer risk —adjusted odds 
utio-(lung, breast, cervix, and endocrine) among in¬ 
dividuals ever married to smokers was 2.0 times that 
among those never married to smokers (p < 0.01). This 
increased risk was not explained by confounding in¬ 
dividual smoking habits, demographic characteristics, 
or social class. 

In a sixth U.S. study, Sandler et ai. (in press b) ex¬ 
amined cancer risk in adulthood in 197 cases and 223 
controls, 66% female, from early life exposure to par¬ 
ents* smoking. They found that mothers* and fathers* 
smoking were both associated with risk for hemato- 
A poictic cancers (Hodgkin’s disease, lymphomas, and 
leukemias), and a dose-response relationship was seen 
foi the latter two. The odds ratio for hematopoietic 
cancers increased from 1.7 when one parent smoked, to 
4.6 when both smoked (p < 0.001). 

In the first of two studies from Hong Kong, Chan and 
hung (1982) found a lower incidence of passive smoking 
among 34 female lung cancer cases (40.5%) than among 
66 female controls (47.5%). All patients and controls 
were interviewed concerning their smoking habits and 
those of their spouses, their cooking habits, including 
types of cooking fuel used. Histological diagnoses of 
tumors were obtained. Controls were taken from on ho¬ 
ped ic patients. 

In the second Hong Kong study, Koo et ai. (1983) 
studied passive smoking in 56 female lung cancer cases 
and 85 female controls. Passive smoking cases had an 
excess of 3.8 yr of passive smoking (workplace plus 
domestic exposures) compared with controls, but the 
differences were not statistically significant (p < 0069). 
However, among a subgroup of 8 marine dwellers, cases 
had 11.8 years more exposure than controls (p = 0.0003). 

Knoih el ai. (1983) reported on a study of 39 non¬ 
smoking German females with lung cancer. 61.5% were 
found id have smoking spouses. The authors state that 
this percentage was threefold that expected on the basis 
of smoking habits of German males. 

Gillu et ai: (1984)i reported preliminary results of a 
study of passive smoking and lung cancer in 91.male 


controls (n = 2) (the numbers in parentheses give the 
numbers of cases] without domestic passive smoking 
and in 90 subjects exposed at home (n = 4), and in 40 
female controls (n — 2) and 58 subjects (/i = 6). No ef¬ 
fects of lung cancer were noted in the females, but ele¬ 
vated rates of myocardial infarction were reported (risk 
ratio 3.0). In the males, elevated rates of both lung 
cancer (risk ratio 3.25) and myocardial infarction (risk 
ratio 1.45) were reported. Giilis et ai state that since in¬ 
sufficient time has elapsed since the beginning of this 
study, no firm conclusions can be drawn relating to the 
incidence of cancer or other diseases. 

Thus there are now a large number of studies provid¬ 
ing evidence^ for increasedrisklpf lufig^ In¬ 
creased* ex^ might be ex¬ 

pected that subgroups of the population which proscribe 
smoking among their membership would have a lower 
probability of passive smoking, and therefore should 
also have a lower incidence of smoking-related disease 
than the general nonsmoking population. 

One such subgroup is the Church of Jesus Christ of 
the Latter Day Saints, popularly known as the Mormon 
Church, which advises against the use of tobacco. 
Enstrom (1978) found that active Mormons who were 
nonsmokers had standardized mortality rates for lung 
cancer which were 21% of those in the general popula¬ 
tion which includes smokers. This rate was found com¬ 
parable to the rate of 19% for a sample of the U.S. 
general population “who had never smoked cigarettes.** 
Interestingly, however, this result occurred despite the 
fact that 31 % of the active Mormon cohort were former 
smokers. This confounding factor was not present for 
certain subgroups in the following study. 

Phillips et aL (1986a, 1980b) have studied mortality 
(from 1960 to 1976) in Seventh Day Adventists (SDAs), 
a religious group that also follows rigorous proscrip¬ 
tions against the use of tobacco. As with the Mormons, 
SDAs have rales of mortality from lung cancer and 
other smoking related cancers that are fractions, 21% 
and 66%, respectively, of the rates for a demograph- 
icaily comparable group in the general UiS. population 
(including smokers) (1980a). Many SDAs work for 
church-run businesses. Thus, SDAs appear to be less 
likely than the general population to be involuntarily ex¬ 
posed to tobacco smoke, as children or as adults, ai 
home or in the workplace, because neither SDA homes 
nor SDA businesses are likely to be places where smok¬ 
ing is permitted, and because the great majority of SDA 
family and social contacts are among other SDAs who 
do not smoke (See Appendix C). 

Phillips et ai. (1980a, 1980b) compared mortality in 
two demographically similar groups of Southern Cali¬ 
fornia ns: SDAs (from I960 to 1976) and non-SDAs (from 
1960 to 1971). A sizable subgroup (35%) of SDAs re¬ 
port prior cigarette use, especially among men (1980b). 
However, for two select subgroups of each group, 25,264 
SDAs and 50,216 non-SDAs who were self-reported 
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Table 2. Age adjusted SDA-to-non-SDA ratio of lung cancer 
mortality (alter Phillips et ol. (1980b).* 



By Health Habit Index 


Best 

Average Worst 

Average 

Third 

Third Third 

1. All SDAs 0.54 

0.54 

0.40 0.96 

11. SDAs who ntvtr smoked 0.41 

0.41 

0.32 0.78 

Values shown arc adjusted by Mamel-HaenLel procedure (p s 0.01). 


•J_ung cancer mortality ratios taken from a prospective study of two 
demographicaJiy similar cohorts. The non-SDA come from the 
general south California population, and were self-reported non- 
smokers who never smoked. The SDA come from a southern Califor¬ 
nia subgroup less likely to engage in passive smoking by virtue of 
lifestyle differences. The health habit index is a measure of how 
faithfully individuals adhered to the Church’s teachings;; the worst 
third were also more likely to have a non-SDA spouse. (Values quoted 
in text are the reciprocals of numbers given here.) Phillips et oJ. 
(1980a. 1980b) reported results for all SDA, and reported replicating 
these data for SDA who never smoked, as shown. The SDA subjects 
and non-SDA subjects for this study consisted of white California 
respondents to the same four-page self-administered questionnaire 
collected by the American Cancer Society study of l million subjects 
throughout the United Slates (NCI, 1966; Garfinkel, 1981; Phillips et 
oL. 1980a, 1980b). 


nonsmokers who had never smoked, age-adjusted mor¬ 
tality rates were compared for smoking-related and 
nonsmoking-related diseases. Table 2 compares age- 
adjusted lung cancer mortality ratios for two SDA co- 
* hons relative to nonsmokers in the general population 
who never smoked. The first cohort consists of all SDA, 
and includes those who never smoked, exsmokers, and 
smokers. The first row of Table 2 gives the mortality 
ratios relative to the never-smoked non-SDAs in the 
general population. The second row compares the sec¬ 
ond SDA cohort (those who never smoked) to the non- 
SDA who never smoked. The values given are averaged 
over both sexes. From Table 2 the results show that the 
non-SDA group of nonsmokers who had never smoked 
(but who were more likely to suffer involuntary expo¬ 
sure to tobacco smoke) had an average lung cancer mor¬ 
tality rate of 2.4 times that of the never-smoked SDAs 
(the group less likely to have suffered such exposure by 
virtue of their lifestyle). This concludes the review of 
evidence relating variations of lifestyle to variations in 
lung cancer risk in nonsmokers. • 

Does Ambient Tobacco Smoke Pose 
a Carcinogenic Hazard? 

The International Agency For Research on Cancer 
(1ARC) criteria for causality to be inferred between ex¬ 
posure and human cancer state that confidence in cau¬ 
sality increases when (I) independent studies agree; (2) 
associations are strong; (3) dose-response relationships 
exist, and (4) reduction in exposure is followed by re¬ 


duction in cancer incidence (1ARC, 1979). These criteria 
are applied here as follows: 

L There are now 14 studies, covering 6 cultures, in¬ 
dicating a relationship between exposure to ambient 
tobacco smoke and incidence of lung cancer/If the 
studies are divided into substudies of men and women, 
this yields 20 substudies, all but 2 of which suggested an 
increased cancer mortality from passive smoking, and 
12 of which attained statistical significance. Moreover, 
the mortality ratios based on spouses* smoking as an ex¬ 
posure variable, cluster around the value 2.0. Thus, 
many independent studies Agree, f 

irMainstVwm tobacco sfnok'e is strongly associated 
with lung cancer^The U.S. Surgeon General (USSG^ 
1982) asserts that mainstream cigarette smoke is a major 
cause of cancers of the lung, krynx, oral cavity, and 
esophagus, and is a contributory factor for the develop¬ 
ment of cancers of the bladder, pancreas, and kidney, 
where the term contributory factor does not exclude the 
possibility of causality. Both smokers and nonsmokers 
are exposed to exhaled mainstream and sidestream 
tobacco smoke. Sidestream smoke by animal bioasuy^ 
has been found to be of greater potency than main- 
stream smoke.^ 

3TFive of the 14 studies reported dose-reponse reta? 
tionships between passive smoking and lung cancer. 
Dose-response relationships between Jung cancer and 
active cigarette smoking show increasing mortality with 
increasing dosage of smoke exposure, and an inverse 
relationship to age of initiation (USSG, 1982). Dose- 
response relationship# are also shown for smokers 
whose smoking habits are like heavy passive smoking 
(Wynder and Goodman, 1983; Jarvis and Russell, in 
press), i.e. p in cigarettr smokers who do not inhale, and 
in pipe and cigar smokers, who also are unlikely to in¬ 
hale (USSG,, 1982; USSG, 1979). 

4. Reductions in lung cancer incidence for reduction/ 
in exposure have been found in all major studies or ac~ 
tive*sirnblarigf^USSG, 1982). The one study of passive 
smoking and lung cancer which examined this question 
also found a similar result (Hirayama, 1983b). Further¬ 
more, the comparison of the SDAs who never smoked, 
and who should have reduced exposure relative to the 
non-SDAs who never smoked, also appears to exhibit 
this effect. 

On the basis of the IARO criteria, the evidence ap¬ 
pears to be sufficient for reasonable anticipation of an 
increase in lung cancer mortality from passive smoking, 
justifying a quantitative risk assessment. The signifi¬ 
cance of the public health risk will now be estimated. 

Estimation of Total LCD Risk and a 
Phenomenological Exposure-Response 
Relationship 

A phenomenological exposure-response relationship 
is now derived based on consistency (Hirayama, 1983b) 


Source: https://www.industrydocuments.ucsf.edu/docs/szpxOOOO 
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of evidence provided by studies of lung cancer in non- 
unokers and from our exposure assessment. The Seventh 
Day Adventist Study by Phillips el al. (1980a, 1980b) j 
appears to provide the best evidence of the magnitude of ? 
Ihe Jung cancer effect from passive smoking among* 
# U.S? lionsmokers^ 

A calculation (Appendix C) based on the age-stan¬ 
dardized differences in lung cancer mortality rates be* 
t*ccn SDAs who never smoked and demographically 
comparable non-SDAs who never smoked (age groups 
35 to 85 + ) from the studies of Phillips el al. (1980a, 
A¥80b) yields an estimated 4700 lung cancer deaths 
(LCDs) for the 62.4 million U.S. nonsmokers (USDC, 

I¥80) at risk (USSG, 1979) aged £ 35 yr. This in turn 
yield* a passive smoking risk rate of 7.4 LCDs per 100,000 
person-yr (4700 LCDs/yr per 62,424,000 persons), in 
^ood agreement with the value of 6.8 per 100,000 per- 
wn-yr reported in the Hirayama (1981) study. To place 
the estimated mortality in perspective, 4700 deaths was 
About 5*/o of the total annual LCDs, and about 30*7u of 
ihc LCDs in nonsmokers in 1982 (USSG, 1982). 

The exposure of nonsmokers in the U.S. population 
of working age, taken from the model results in Table I, 
appears to be a weighted average of about 1.43 mg of 
tobacco tar per day, including the estimated 14*70 of the 
population who received no exposure at home or work. 
The carcinogenic risks will be assumed to apply even to 
ictircii persons, whose exposures are reported to be less 
than the employed (Friedman el al., 1983), because the 
mks of lung cancer from smoking decline only slowly 
even with total cessation of exposure (USSG, 1982), and 
bemuse the risks of lung cancer increase exponentially 
with age (NCI, 1966). 

Using the statistical risk of 7,4 LCDs per 100,000, and? 
dividing by the average exposure of 1.43 mg/day, weS 
nrim¥tc*a*'phe^ rela4f 

(Btig/Uky* hominatex^uiet^ 

The range in nominal exposure has been estimated to 
be 0-14 mg/day (Repace and Lowrey, 1980). Studies of 
lung cancer and passive smoking across three cultures 
have shown an exposure-response relationship. Thus* 
the assumption of an exposure-response relationship is 
justified; and a linear exposure-response function (Doll 
and Pcid, 1981; 1RLG, 1979; U.S. EPA, 1979; Crump 
et at., 1976) is assumed. With zero excess risk from 
tobacco sfnoke for zero exposure, and applying the 
exposure-response relationship derived above, with the. 
Bsaximum exposure of 14 mg/day, a maximum*risk of< 
Tu x 5) =: 70- LCDs per 100,000 person-yr is 
ckiuuatcd for the most-exposed lifestyle?i\his lifestyle 
has been previously typified by that of a nonsmoking 
oiuucian who performs regularly in a smoky nightclub 
and who resides in a small apariiiiLiii with a chainsmokcr; 


many other scenarios may be drawn (Rcpace and 
Lowrey, 1980). 


Estimated Loss of Life Expectancy 


Reif (1981a, 1981b) argues that there exists a 
genetically determined distribution in natural suscep¬ 
tibility to lung cancer in people; the effect of exposure 
to tobacco smoke is to shift this distribution toward: 


death at earlier ages. In other words, exposure to tobacco? 
smoke produces a Joss of life expectancy^One method 
of presenting risk data involves calculation of the loss of 
life expectancy, in units of days of life lost per individual, 
averaged over the entire population at risk. When the 
average life-loss is multiplied by the number of indi¬ 
viduals at risk, the impact of the hazard on society in 
person-yr of life lost can be assessed. More important, 
one can display the age-specific probabilities of death 
from the hazard, as well as the average number of years 
of life lost by the average victim. Appendix C gives the 
method of calculation. 

Averaged over all of the population at risk, (i.e., in¬ 
cluding those who die of other causes), the average loss 
ol life expectancy from passive smoking is calculated 
(appendix C) to be 15 days, which is equivalent to an 
ultimate loss of 2.5 million person-yr of life for the total 
at-risk U.S. population in 1979 over 35 yr of age (62.4 
million persons). The estimated worst-case loss of life 
expectancy is 148 days, again averaged over all of the 


population at risk. The estimated mean Ufe expeciancyf 
lost by a passive-smoking lung cancer victim is 1 / ±.9 yrjf 
How does the calculated average loss of life expectancy 
for heavy passive smoking compare with the average 
loss of life expectancy found in active smokers? The 
modeled worst-case lifestyle might be reasonably ex¬ 
pected to have lesser exposure, and hcncc lesser risk 
than active smokers. Table 3, adapted from Cohen and 
Lee (1979), gives this comparison. The estimated most* 
exposed lifestyle has about Vy the loss of life expectancy 
of the average pipe smoker, about W the loss of the 


Tabic 3. Estimated loss of life expectancy from active smoking 
(all causes) and passive smoking (lung cancer oply). 
adapted from Cohen and Lee (1979), 


Cause 

Days 

Cigarette smoking —male 

2250 

Cigarette smoking-female 

800 

Cigar smoking 

330 

Pipe smoking 

. 220 

Passive Smoking* (est. most exposed lifestyle) 

148 

Passive smoking* (esl. average lifestyle) 

15 


•Estimated this work (see Appendix C), averaged over all nonsmokers 
at risk, jit., those who are presumed to die from passive smoking- 
mduLed lung cancer, and those who do not. Estimates given for 
passive smoking are phcnomenologicaJ estimates. 


Source: https://www.industrydoeuments.ucsf.edu/docs/szpxOOOO 
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•average cigar smoker, and % 0 of that for active cigarette 
smoking. 

Estimate of an Exposure-Response Relationship 
Based on Risks in Smokers 

An alternative extrapolated exposure-response rela¬ 
tionship is now derived from evidence provided by 
studies of lung cancer in cigarette smokers. Using the 
Surgeon General’s estimate that 85% of ail lung cancers 
are due to smoking (USSG, 1982), a current annual 
LCD rate to smokers at nsk of about 316 per 100,000 is 
estimated (see Appendix B). Assuming a one-hit model 
(see Appendix B) for extrapolation of the risk (which in 
this range is functionally equivalent to the linear assump¬ 
tion that a milligram of tobacco tar inhaled by a non- 
smoker produces a response equivalent to that in a 
smoker) yields an estimate of about 0.87 LCDs/100,000 
person-yr. This corresponds to an exposure-response 
relationship of 0.6 LCDs/ 100,000 person-yr per mg/ 
day, and an annual aggregate risk estimate of about 555 
LCDs per year, an order of magnitude lower than the 
phenomenological estimate. 

Discussion of Alternative 
Exposure-Response Relationships 

We now speculate on why these two different 
methods produce such disparate estimates of risk. One 
possibility is that nonsmokers may have a reduced tol¬ 
erance to the effects of tobacco smoke. Another possi¬ 
bility is a “large dose” effect (Jarvis and Russelli in 
press), whereby exposure to tobacco tar at the lesser 
doses experienced by nonsmokers produces a greater 
risk per unit, dose than the greater doses experienced by 
active smokers, whose lung tissue is saturated by car¬ 
cinogenic tar. Large dose effects have been observed in 
cancer induction by ionizing radiation, in which the 
dose-response curve has a linear form at low doses, a 
quadratic upward (positive) curvature at intermediate 
doses, but a downward (negative) curvature at high 
doses (NRC, 1980). Downturns in exposure-response 
curves of lung cancer in smokers of more than 40 ciga¬ 
rettes per day have been observed by Doll and Feto 
(1978) and Hirayama (1974). The effect of a leveling-off 
or downturn in the exposure-response curve at large ex¬ 
posures would be to cause a linear model to underesti¬ 
mate the risk when extrapolated (Hoel ei ai. t 1975, 
1983; NRC, 1980) over twoorders of magnitude to low 
exposures. 

A third possibility is generated by modeling the dose, 
as opposed to the exposure, of nonsmokers to tobacco 
smoke. Nonsmokers’ exposure is translated into dose by 
means of a simple single-compartment model for lung 
deposition and clearance (Repace, 1983). This model 
suggests that tar may accumulate on the surface of 
nonsmokers’ lungs to an equilibrium dose an order' of 


magnitude higher than the nominal exposure, to a level 
of about 16 mg/day, due to the long pulmonary resi¬ 
dence limes for respirable aerosols. If this 16-mg dose, 
rather than the 1.4-mg exposure, is the operative factor, 
then the typical passive smoker would have a risk, ac¬ 
cording to the one-hit model, of about 9 per 100,000, in 
agreement with the phenomenological estimate. 

There is support for this argument from Matsukura’s 
study (1984), which showed that heavy passive smokers 
had urinary cotinine levels comparable to active smokers 
of less than 3 cigarettes per day, and from Kasuga’s 
study (1983), which also showed that heavy passive 
smokers had urinary hydroxyproline levels almost equi¬ 
valent to that of light smokers. Moreover, similar ob¬ 
servations have been found indicating that serum thio¬ 
cyanate (Cohen and Bansch, 1980) and benzpyrene 
(Repetto and Martinez, 1974) levels in some passive 
smokers were comparable to the elevated levels typically 
found in smokers. 

The simple model we have proposed ignores the effect 
of cancer latency. The long latency period for lung 
cancer indicates that childhood passive smoking may be 
an important factor affecting risk in adult life: Doll and 
Peto (1981) have suggested that the effect of passive 
smoking may be surprisingly large because lifelong ex¬ 
posure may produce a lung-cancer effect four times as 
great as that which t$ limited to adult life (recall the 
observation of Sandler et aL, in press: childhood passive 
smoking appeared to elevate the cancer risk of adults). 
As Bonham and Wilson (1981) have shown from a na¬ 
tional study of 40*000 children in 1970, 62% came from 
homes with one or more smokers, indicating that many 

adults receive exposure during childhood. 

% 

Sensitivity Analysis 

Which of the two exposure-response relationships 
derived is more useful in explaining actual epidemio¬ 
logical data? The Garfinke) (1981) American Cancer 
Society (ACS) study of passive smoking and Ring cancer, 
which spanned the years 1960 to 1972, reported a stan¬ 
dardized mortality ratio of 1.20 and an annual lung 
cancer rate of 13.3 per 100;000 person-yr. Of the 
176,739 women in the Garfinkel study, 28% had non¬ 
smoking husbands. Thus, the “controls” numbered 
49,487 and the total “exposed” were 127,252. According 
to census data (U.S. Dept, of Commerce, 1980), female 
participation rates in the labor force ranged JYom 37.1% 
in I960 to 38.8% in 1965, 42,8% in 1970, and 43.7% in 
1975, and were about 80% of the 1965 level in 1947. 
Thus, it appears that about 38% of the women in this 
study were in the labor force, and presumably exposed 
to passive smoking while at work. It is assumed that lor 
both groups of women, control and exposed; 38%were 
employed and exposed to ambient tobacco smoke while 
at work. 

As indicated in Table 1, typical U.S nonsmoking 
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Group Number 


luiAJ wohun 176*739 

•| iuf“ voniiols, do not work, husbands do not smoke 10,682 

•|*mttd“ coniiots: work, husbands do not smoke 18,805 

l«M4l‘Vofmolv' 4y,487 

*| ijx7>rJ“ workers: work, husbands smoke 48,356 

*| ipubrJ** nuitworkcrs. do not work, husbands .smoke 78,896 

|«**J "cvposcd" 127 ,252 


♦Jultsarcckiimaied to inhale 1.82 mg of tobacco tar per 
average day at work and 0.45 mg per average day at 
home, an exposure ratio of 4:1. This occurs because, 
although domestic and workplace air exchange rates are 
iinular (Appendix A), workplace smoker densities lend 
to be far higher. Let the assumed basal rate of lung 
cancer deaths in these women from causes other than 
passive smoking be 8.7 per 100,000 (the age-adjusted 
tatc lor nonsmoking women married To nonsmokers in 
liuayama's study, 1981a). The Garfinkel (1981) ACS 
cohort can now be broken down as shown in Table 4. 

The Garfinkel (1981) study can be analyzed as 
follows, using the phenomenological exposure-response 
leUnonship of 5 LCDs/100,000 person-yr-mg/day. 

The lung cancer deaths per 100,000 contributed by 
passive smoking are then 2.25 (0.45 x 5) for the home 
aikJ V:10 (1.82 x 5) for the workplace. Application ol 
these figures to the numbers of true and tainted controls 
and working and nonworking exposed women yields, 
alter addition of the basal risk of 8.7 per 100,000, the 
estimated rates lor lung cancer deaths per 100,000 per- 
*>o >r, as shown in Table 5. The ratio of risks (all ex- 
pused:ail controls) is thus 1.19. The ratio (averaged over 
husbands' heavy and light smoking categories) in the 
Ga/lmkel (198)) study was 1.20, less than a 1% dif¬ 
ference. The lung cancer death rate for the weighted 
iVTiage of the “exposed” and “control” categories is 
U a per 100,000, Over the 12 yr of the Garfinkel study, 
live actual rate averaged 13.3 per lOOiOOO; a less than 4% 
dil I ere nee In other words, this analysis (Repace, 1984) 
appears to explain both the observed lung cancer death 
late and observed risk-ratio of the Garfinkel ACS cohort. 

( ould this be due to chance? Suppose that, instead of 
of women in the workforce, 100% of women 


lung cancer death rate would be 19.42, a 46% dif¬ 
ference. Suppose 0% of women worked. Then the ratio 
of risks would be 1.26, a 5% difference from Gar fin kefs 
result, but the lung cancer death rate would be 1 Oj 32 per 
100,000, a 22% difference from Garfinkefs observation. 

Suppose the exposure-response relationship of 0.6 
LCDs/100,000 person-yr per mg/day yielded by extra¬ 
polation with the one-hit model from the risks in smokers 
is used. The lung cancer deaths per 100,000 contributed 
by passive smoking are then 0.2? (0.45 x 0.6) for the 
home and 1.1 (1.82 x 0.6) for the workplace. Applica¬ 
tion of these figures to the numbers of true and tainted 
controls and working and non working exposed women 
yields, after addition of the basal risk of 8.7 per 
100,000, the figures shown in Table 6. The ratio of risks 
(all exposed:a!l controls) is then 1.03. Compared with 
the risk ratio in the Garfinkel (1981) study, this is a 14% 
difference. The lung cancer death rate for the weighted 
average of the “exposed” and “control” categories is 9.3 
per 100,000, a 30% difference from Garfinkefs result'. 

When the one-hit model is used, the ratio of “all- 
exposed” to “true” controls is 1.09, a 38% difference 
with Hirayama's ratio. The corresponding lung cancer 
mortality rate is 9.45, a 39% difference with Hirayama's 
result. 

Finally, using the phenomenological exposure-response 
relation, the ratio for “all exposed” and “true” controls 
is 1.7. Hirayama’s (1981) average risk ratio was 1.78 
from passive smoVing, a 4.5% difference. Furthermore, 
if lung cancer risk rate calculation is performed with the 
tainted controls included as an exposed group, the result 
is 14.8 per lOCKOOO, compared with Hirayama's ob¬ 
served 15.5 per 100,000, a 4% difference. In other 
words, the effect of moving the confounding tainted 
controls from Garfinkefs control group into his ex¬ 
posed group is to yield results within 5% of Hirayama’s. 

Thus, on the basis of this sensitivity analysis, it would 
appear that the phenomenological exposure-response 
relationship is better able to describe the results of the 
Garfinkel (1981) study than the one-hit model, and in 
addition, also appears to be able to explain quantita¬ 
tively why the two large prospective studies of passive 
smoking and lung cancer yielded different results. 


t*olr 5 Calculated lung cancer risks for each subgroup in the 
Garlmkel (l98J)xtudy, using ihc 5 LCDs/lOU.OOO 
person yi/mg, day exposure-response relation. 


Group 

Rate 

1 rue wonuols 

8.7 

tanned komiols 

17.8 <8.7 -t 9.1) 

All fcOikiroL (weighted mean) 

12.16 

1 t|*»cd workers 

20.05 (8.7 + 2.25 ■+ 9.10) 

t t|fuwJ imimorkcTs 

10.95 (8.7 -e 2.25) 

Alt exposed (w-cighicd mean) 

14.41 


Table 6. Calculated lung cancer risks for each subgroup in ihe 
Garfinkel (I98l) siudy using ihe 0.6 LCDs per JOO.OOu 
person-yr/mg/day exposure-response relation: 


Group 

Rate 

True controls 

8.7 

Tainted controls 

9.8 (8 7 * 1.1) 

All controls (weighted mean) 

9.1! , 

Exposed workers 

10.07 (8.7 + 0j27 1.1) 

Exposed nonworkers 

8.97 (8.7, t UJ27) ( 

All exposed (weighted mean) 

9.39 


Source: https://www.industrydocuments.ucsf.edu/docs/szpxOOOO 
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Tabic 7. Comparison of estimated risks from various hazardous air 
polUitanls. Risks have been assessed for non-occupational exposures 
of the general population to several hazardous air pollutants. All are 
airborne carcinogens. alJ but passive smoking are being regulated by 
society. The statistical mortality given is before control! 


) 



Estimated 


Pollutant 

Annual Mortality*-* 

Reference 

Passive smoking 

5000 LCDs per yr 

(this work) 

Vinyl chloride 
Radionuclide* 

<27 CDs per yr 

(U.S. EPA. 1975) 

(worldwide impact 
from Department of 
Energy facilities) 

17 CDs per yr 

(U.S. EPA, 1983b) 

Coke oven emissions 

< 15 LCDs per yr 

(U.S. EPA, 1984) 

Benzene 

<8 CDs per yr 

(U.S. EPA, l97Vb) 

Arsenic 

< 5 LCDs per yr 

(US. EPA, 1V80) 


*CD « cancer death; LCD * lung cancer death. 

*Kisks for passive smoking and radionuclides are best estimates, and 
risks for other pollutants arc upper bound. 


Comparison of the Estimated Risk of Passive 
Smoking with those of Hazardous Air 
Pollutants Currently Under Regulation 

Although'(he quantitative estimates presented should 
be regarded as preliminary and subject to confirmation 
by further research, the evidence suggests that passive 
smoking appears to 6^w^t«b^f|^^fi^ne r thrfid 

smofcrSfTo place thei»e estimates in perspective, Table 
7 gives a comparison of the estimated risk of passive 
smoking to risks estimated by the U.S. Environmental 
Protection Agency for the carcinogenic hazardous air 
pollutants currently regulated under section 112 of the 
Clean Air Act (SCEP, 1977). As Table 7 demonstrates? 
passive smoking appears to p8se*a^ 
larjsePthin^ 

’ com bin cd^f 
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Appendix A: Modeling Exposure of Nonsmoking 
U.S. Adults to Ambient Tobacco Smoke 

Introduction 

Lifestyle is the integrated way of life of an individual; 
aspects of lifestyle which will be considered here have to 
do with the amount of time a nonsmoker spends in con¬ 
tact with smokers, and therefore with their effluent. Ex¬ 
posure of nonsmokers to tobacco smoke might be ex¬ 
pected to be common in the United!States because one 
out of three U.S. adults smokes cigarettes at the 


estimated rate of 32 per day (Repace and Lowrey, 1980), 
and an additional one out of six smokes cigars or pipes. 
Furthermore, indoor air pollution from tobacco smoke 
persists in indoor environments long after smoking 
ceases (Repace and Lowrey, 1980, 1982). 

Earlier work (Repace and Lowrey, 1980) presented a 
model of nonsmokers’ exposure to the particulate phase 
of ambient smoke which was supported by controlled 
experiments and field survey of the levels of respirable 
particles indoors and out, in both smokefree and smoky 
environments. This work,, which established that am¬ 
bient tobacco smoke imposed significant air pollution 
burdens on nonsmokers, was extended by later work (kc- 
pace and Lowrey, J982) that further demonstrated The 
predictive power of This model. The model predicts a 
range of exposure of from 0 to 14 mg of cigarette aerosol 
per day, depending upon the nonsmoker's lifestyle. Ex¬ 
posures of prototypical nonsmokers were modeled, but 
no attempt was made to estimate the average population 
exposure. Concentrations of ambient tobacco smoke 
encountered by nonsmokers can be approximated by, 
equilibrium values that arc determined by the ratio of 
the average smoker density to the effective ventilhnon 
rate (Repacc and Lowrey, 1980, 1982); in practice, de¬ 
sign ventilation standards based on occupancy are use¬ 
ful surrogates for effective ventilation rates. On the 
average, a characteristic value of this ratio can be 
assigned to a particular microenvironmental class, c.g., 
homes, offices, restaurants, etc. (Repace el al J980). 
Therefore, the average daily exposure of individuals can 
be estimated from the time-weighted sum of concentra¬ 
tions encountered in various microenvironments con¬ 
taining smoke (Oil, in press; NRC, 1981; Szalai, 1972; 
Repace et al ., 1980). 

Exposure and lifestyle 

It is important to realize that most persons' lifestyles 
are such that they spend nearly 90% of their time in just 
two microenvironmental classes, thus affording a great 
simplification of exposure modeling. Szalai (1972), u 
pan of The Multinational Comparative Time Budget 
Research Project, which studied the habits of nearly 
30,000 persons in 12 countries (from 1964 to 1966), has 
compiled data reporting the average lime spent in 
various locations or microenvironments. The data for 
44 cities in the United States, as analyzed by On (in 
press) arc summarized in Table AJ (see also NRC, 
1981). 

Table Al shows that U.S. urban people spend an 
average of 88% of their time in just two microenviron¬ 
ments: in homes and workplaces. Moreover, employed 
persons in the U.S. cities are estimated to spend only 
3% of the day outdoors, while housewives spend only 
2% outdoors (On, in press; NRC, 1981). Assume that 
these values are representative of the entire population: 
[In 1970, approximately three fourths of the population 
was urban (USDC, 1980).) 


Source: https://www.industrydocuments.ucsf.edu/docs/szpx0000 
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| title AI. lime spent »n various microenvironments by persons 
in 44 U.S cine*. expressed in average hour* per day. 

(On, in press, NKC, I9H1; Sxaian 1972). 


MkiKiivirunment 

Employed 

Men, 

All Days 

Employed 

Women, 

All Days 

Married 
Housewives, 
All Days 

Ibifeic unt'> home 

13.4 

15.4 

20:5 

J»ti tmUidc otic* home 

0.2 

0.0 

0 1 

At > VfcOfkpIjiC 

6:7 

5.2 

- 

Ja u*m»i 

r.6 

1.3 

1.0 

U uihei peopleY homes 

0:3 

0i7 

0 8 

!• pu*ck ul business 

0.7 

0 9 

1.2 

U fountain* and bars 

0.4 

0.2 

0.1 

*ii oilier location* 

0.5 

0:3 

0.3 

luuJ 

24.0 

24.0 

24.0 


Modeling exposure of nonsmokers at work 

Exposure of the population to the paniculate phase 
ul cigarette smoke can be modeled to determine both 
migcof exposure and the nominal inhaled dose, which 
u exposure multiplied by the respiration rate (Altman 
anJ Dinner, 1971), 

Kcpacc and Lowrey (1980, 1982a) have shown that 
the ambient concentration of tobacco smoke particles, 
Q. Iron) cigarette smoking can be usefully represented 
b> an equilibrium model of the form Q = 650 D/C % 
•here A is the number of burning cigarettes per I00m J , 
and C. is the ventilatory air exchange rate in air changes 
A per hour (ach). Rewriting this in terms of the occupancy 
of the space by habitual smokers (Repace and Lowrey, 
IV6U) (for every 3 habitual smokers, there isone ciga¬ 
rette burning constantly), A>( = 3A)- ir 

Q = 217 A/C (jug/m J ), (Al) 

• here A. the habitual smoker density in units of 
unokersper 100 m\ and C„ is the air change rate in units 
ul air changes per hour (ach). Because The American 
Society ol Heating, Refrigerating, and Ventilating En¬ 
gineers (ASHRAE) (Lea^erer et al. t J981), sets con¬ 
census standards for ventilation rates in the United 
States, and because those standards are tied to expected 
budding occupancy (e.g., ASHRAE, 1981), Eq. (Al)of- 
liai the possibility of modeling the range of nonsmokers’ 
exposures by estimating the ranges of occupancy andiair 
*.luuigc rate. Appendix AJ estimates that the average an¬ 
nual exposure to ambient tobacco smoke particles by a 
typical nonsmoking U.S. worker is 1.8 mg/day, with an 
exposure probability of 63%. 

MtxJehng exposure of nonsmokers ui home 

tty reviewing data from lime budget' and census 
UmJjcv, tlie average length of time a person spends in 
i U home microenvironment; can be calculated. This 
i*mc dillcrv tor gender and employment status Taking 
smo-akwiiunt! the dilleient amounts of time spent in the 
home by employed men, employed womem and home¬ 


makers, an estimate of occupancy-weighted average 
number of cigarettes smoked in the home during a 16-h 
waking day can be made. If the entire waking day is 
spent at home, 32 cigarettes per day (CPD) are smoked 
in the house by a smoker of either sex. An cstimatedoc- 
cupancy-weighted average number cigarettes equal to 22 
CPD smoked in the typical home is derived in Appendix 
A2. Using Eq. (Al), multiplied by the ratio 22/32, times 
a 1 mVh respiration rate for a 16-h period, the calcula¬ 
tion is made for a single-family detached dwelling of 
340 m* volume (see Appendix A3), assuming that on a 
16-h basis, the entire Jjpished volume of the home is 
available for dispersion of the smoke. A typical non- 
smoker of either sex appears to be exposed to an average 
inhaled dose of 0.45 mg/day, assuming that occupancy 
of the home by smokers and nonsmokers is coincident. 

Mean estimated dose to a typical adult 
from the most-frequented microenvironments 

A probability-weighted average exposure to a hypo¬ 
thetical typical U.S. adult is estimated by combining the 
estimated dose to U.S. adults exposed in the workplace 
and at home, and by weighting the exposure received in 
each microenvironment by the probability of receiving it. 
Appendix A1 estimates that nonsmoking U.S. workers 
are exposed on the job to tobacco smoke with a prob¬ 
ability of 63%. Appendix A2 estimates that nonsmok¬ 
ing UlS. adult^ are exposed at home to tobacco smoke 
with a probability of 62%. Table 1 (main text) gives the 
combinations of ihestprobabilities, assuming that they 
are independent, i.e., that exposure at work is not corre¬ 
lated to exposure at home. Table 1 suggests that only a 
relatively small percentage (14%j) of the population may 
escape daily passive smoke exposure. By contrast, indi¬ 
viduals having exposure both at home and at work con¬ 
stitute a high exposure group, with the workplace likely 
contributing more exposure than the home by a ratio of 
4 to 1. 

On the basis of Table 1 it is estimated that the mean 
daily exposure of nonsmoking ULS. adults to tobacco 
tar and nicotine from the breathing of indoor air con¬ 
taminated by cigarette smoke is about 1.43 mg/day, 
averaged over the two mostTrequenied microenviron¬ 
ments. This may be compared to the estimate of 14 tpg/ 
day to the hypothetical most-exposed individual (Repace 
and Lowrey, 1980). These results indicate that the 
typical UlS. “nonsmoker” appears to be exposed to a 
finite, non zero amount of tobacco aerosol, equivalent 
in value to three low-tar cigarettes (0.55 mg) per day. 

In summation, it is possible, based on ASHRAE stan¬ 
dards, time budget, and census surveys, the physics of 
indoor air pollution transport, and tables of respiration 
rates, to estimate the average exposure of a lypical non¬ 
smoking U.S. adult of working age. Using this meth¬ 
odology, estimates oil the average exposure of the U.S. 
adult population ol working age to the paniculate phase 
of ambient tobacco smoke are made for the two most- 
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frequented microenvironments: the workplace and the 
home, it: is estimated that 86% of adults of working age 
are exposed to ambient tobacco smoke on a daily basis, 
and 14% are not. It is estimated that the range of ex¬ 
posure varies from 0 to J4 mg of tobacco tar per day, 
and that the typical exposure, averaged over 100% of 
the population, is 1.43 mg/day. It also is estimated that 
those individuals who are exposed both at home and at 
work receive a daily average exposure of 2.4 mg/day, 
and that 39% of the adult worker population is in this 
category. Those individuals exposed only at home 
receive a daily exposure of 0.5 mg/day, and that 23% of 
the adult population is in this category. Finally, it is 
estimated that those individuals exposed only at work 
receive a daily exposure of 1.8 mg/day, and that 24% of 
the worker population is in this category. Thus these 
estimates - suggest that the ratio of workplace dose to the 
exposure received at home is nearly 4:1, indicating that, 
on the average, the workplace is a more important 
source of exposure than the home environment. Con¬ 
sistency of these estimates of workplace and domestic 
exposure with field data is given in Appendices AI 
and A2 . 

Appendix A1: Modeling the Average Daily 
Exposure to Cigarette Smoke for a Typical 
ILLS. Nonsmoking Worker 

it is possible to arrive at an estimated aggregate ex¬ 
posure because the range of occupancies (i.e., smoker 
densities) is tied to the range of ventilation rates, which 
in turn determine the range of concentration of ambient 
tobacco smoke to which nonsmokers are exposed. A 
form of Eq. (AJ) is given that can be related directly to 
the ASHRAE Standards 62-73 (ASHRAE, 1973), pro¬ 
mulgated in 1973, which set standards for natural and 
mechanical ventilation. The practical range of occupancy 
given in the ASHRAE Standard 62-1973 is from 5 per¬ 
sons/1000 ft* to 150 persons/1000 ft* (5.4 P/100 m 3 to 
161 P/100 m J ), for commercial and institutional build¬ 
ings. 

From 1946 to 1973, the operable engineering standard 
was descriptive of general practice rather than prescrip¬ 
tive: The American Standard Building Code Require¬ 
ments for Light and Ventilation A53, Section 8 (ASA, 
1946) described typical practice for mechanical ventila¬ 
tion based on floor area, not occupancy. Section 8 de¬ 
scribed minimum values of 0.5 CFM/ft 3 for offices, 1 to 
1.5 CFM/fl J (4.4 to 6.6 LAm J ) for workrooms, and a 
range of 0.05 to 3 CFM/fl 3 (2.2 to 13.2 L/s m J ) for 
public and institutional buildings, with the lower value 
applying to museums, and the upper value to dance 
halls. This implies air exchange rates varying from 3 to 
18 ach, and at the maximum of 75% recirculation de¬ 
scribed, this range reduces to 0.75 to 4.5 ach. In 1970, 
60.7% of the ULS. workforce worked in the white-collar 
and service occupations that inhabit such buildings 


(USDC, 1980). A 1979 survey of 3000 employers in large, 
medium, and small corporations indicated that smoking 
was prohibited in only 10.5% of white-collar workplaces 
and in 27.5% of blue-collar workplaces (N1CSH, 1978): 
These percentages would likely have been less in 1970. 
Equation (A2) expresses the concentration, R. as a func^ 
lion of occupancy, which is now a surrogate (Repace 
and Lowrey, 1978, 1982a)Tor smoker density: 

R = 25.6 PJC. O^g/m 3 ), (A2) 

where P m is the occupancy in persons per 1000 ft 3 [100 
m*J, and C. is the ventilatory air change rate in ach, as 
before. Exposures can be calculated by multiplying R by 
the integrated average respiration rate expected for an 
adult nonsmoker over an 8-h workday. A reasonable 
value is 8 in 3 per workshift, a value corresponding to 
alternate sitting plus light work (Table A2). Multiplying 
Eq. (A2) by this rate yields the equation for the amount 
of tobacco tar inhaled, N d : 

N d - 0.205 P./C. (mg/8 h), (A3) 

where the other parameters are defined as in Eq. (A2). 
ASHRAE Standards 62-73 yield the ranges in P m of 5 to 
150 and in C of 0.15 to 18 ach. 

Tabic A3 expresses the variation of these parameters 
fromthe absolute minimum airchange rate to the recom¬ 
mended minimum and maximum rates, and enables us 
to bound the modeled dose for the workplace. The ex¬ 
treme bounds of workplace exposure can be estimated 
to range from 1.35 < N d < 6.77 mg/8 h. This assumes 
that one-third of the occupants are smokers [following 
the U.S. average that one-third of the adult population 
smokes (USSC, 1979)]. and that they smoke sales- 
weighicd-averagc tar cigarettes at the rate of 32 per 16-h 
day (Kqiacc and Lowrey, 1980). Clearly, the true mini¬ 
mum bound is zero, and the maximum exposure may be 
higher due to the presence of chainsmokers or a higher 
than average number of smokers, but what is desired is 
an expected average value for the workplace exposure. 
At the ASHRAE-rccommended minimum ventilation, 
the upper bound for N d will be 3.38 mg/8 h. Thus, the 
probable average range for is between 1.35 and 3.38 
mg/8 4 h. The average of these two figures, N d = 2.37 
mg/8 h, represents the mean exposure for U.S. workers 
who are on-the-job passive smokers. This value may be 


Tabic A2. Range of typical adult respiration rates lor different levels 
ot effort after Allman and Unmet (1971). 


Activity Level 

Respiration Rate (mVh) 

Resting 

0 36 

Sitting 

0.6U 

Alternate Sitting A Light Work 

0.99 

Lighn Work 

1.47 

Heavy Work 

2.04 
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A) Calculation of the range of concentration Q, and exposure 
,S. u> »hich nonsmokers arc subject under the model given by bqs. 
(A2) and (A3) assuming ASHRAE standard ventilation. 


P. 



loccupann 

c. 


Q 


per 1000 ft* 

(airchanges/ 

Exposure 

Concentration 


(per J00m J )j 

hour (ftch)} 

(mg/8 h) 

O**/ m') 

A bun* ASHRAE 62-73 recommended maximum makeup air 

bated on occupancy 




Waaunum 

150 

18 

1.69 

213 

Maumum 

5 

0.5 

2.03 

256 


10 

1,5 

1.35 

170 

g bun* ASHRAE 62-73 absolute minimum makeup air 

b**cd un occupancy 




Uai«muiu 

150 

4.5 

6.77 

853 

htAtAwm 

5 

0 15 

6 77 

853 

CXhon 

10 

0 ;3 

6.77 

853 

1 bun* ASHRAE 62-73 recommended minimum makeup air 

on occupancy 




Waiuuuiir 

150 

9 

3.38 

655 

bijumum 

5 

0 3 

3.38 

655 

f 

10 

0 9 

2.26 

284 


i/amlormcd into a daily average using Table Al. In 
|y?2, (USDC, 1980) 38% of ihc workforce was female: 
OlKx (5.2 workhours/day) and 62*% was male: 0.62 x 
(6 7 workhours/day); the sum of these is 6.13 work- 
feours/day. daily average. Thus, the daily average ex¬ 
posure is N< - (6.13/8) x 2.37 = 1.82 mg/day. 
ii now remains to estimate the percentage of workers 

• ho arc exposed to cigarette smoke at work. The Na¬ 
tional Interagency Council on Smoking and Health con¬ 
ducted a survey of top management and health officials 

Juju U.S. corporations in 1978 (NICSH, 1978). A 
2v% response rate was achieved. The survey indicated 
that of blue-collar companies surveyed, 30,6% had no 
icunaiuns on smoking, 42% permitted smoking in 
Undiluted areas, and 27.5% completely prohibited 
lowAing. The corresponding percentages for the white- 
«o4Dr companies were, respectively, 74.3%, 15.2%; and 
|U J r *. Smaller companies were less likely to have re- 
tt/uiions. Among companies with restrictions, about 
uoc hall imposed penalties lor violations. In addition; 
*3S ol the respondents indicated that their policy was 
cUabhvlied alter the release of the 1964 Surgeon Gem 
<raf> Kepori on Smoking. 

In |y7U, whrle-collar workers constituted 48.3% of 
ihc worklorcc, blue-collar workers 35.3%, service 

• orkcrv 12 4%, and farmworkers 4% (USDC, 1980). 
Ihc largest change in any category from 1960 to 1979 

• as that ol whiie-coilUr workers, increasing by 7%. 
!ufwc about one-hall of the blue-collar companies im- 

penalties lor smoking, it will be assumed that 50% 
ol the blue-collar nonsmokers were not exposed on the 
U> contiasi, it will be assumed that only 25% olilhe 

• huc-Ci»llat workers were not exposed. It will further be 


assumed that one-half of all workers follow white-collar 
smoking rules, and the other half, consisting of bhie- 
collar workers, service workers, and farmworkers, fol¬ 
low blue-collar rules. Thus, the estimated weighted 
average percent of nonsmoking workers who are signifi¬ 
cantly exposed to tobacco smoke on the job is: 0.50 x 
50% + 0.75 x 50% = 62.5%. By comparison, a 1983 
survey of 1515 white-and blue-collar businesses sampled 
at random reported that “nearly iwcMhirds” had no 
smoking restrictions in the workplace (Tobacco Insti¬ 
tute, 1984). 

At this stage it must be asked whether the numbers 
calculated are reasonable in terms of measurements of 
ambient tobacco smoke under natural conditions. Re- 
pace and Lowrcy (1980, 1982a), in a field survey of am¬ 
bient tobacco smoke in 23 commercial buildings in the 
metropolitan Washington; D.C., area during 1979-1980, 
found concentrations ranging from about 100>g/m i to 
more than 1000 pg/m\ This range is quite compatible 
with the concentrations Q derived in Table A3. The 
average of all values measured under a variety of smok¬ 
ing conditions and ventilation rates by Repace and 
Lowrey was 242 /xg/m J (range 100 to 1000 fig/ m 3 ) for 
these 23 locations, corrected for background. This is 
compatible with ihc values calculated in Table A3. 
Breathing 242 of ambient tobacco smoke for 

J h at a rate of 0.99 m 1 h yields an exposure of 1.92 
mg/8 h or on a daily average basis, 1.92 x (6.13/8) - 
1.47 mg. 

In terms of relative exposures, these results also ap¬ 
pear to be reasonable. In Appendix A2, an average 
smoking rate of 32 CPD was used (Repacc and Lowrey, 
1980). At current sales-weigh ted average tar plus nicotine 
values (14 mg) (USFTC, 1984), the typical smoker would 
inhale (14 mg/cig) x 32 CPD = 448 mg/day. In Table 
1, the typical passive smoker was calculated to inhale 
1.43 mg/day. This is a relative exposure ratio of 313:1. 
Wald etal (1984a), in a study of urinary cotipine lends 
in smokers and nonsmokers, found the ratio (1645 
ng/mL)/(6 ng/rnL) = 274:1. Thus, the ratio of ex¬ 
posures calculated theoretically using the model derived 
here differs by only 14% from an experimentally derived 
value based on a biological marker of exposure. 

Appendix A2. Calculation of the Estimated 
Daily Average NOmber of Cigarettes 
Smoked in the Average Home 

Since the source strength depends upon the length ot 
time smokers spend in indoor microenvironments, it is 
necessary to review pertinent information from time 
budget (Ott, in press; Szalai, 1972; NRC, 1981) and cen¬ 
sus (USDC, 1980) studies, which gives the average length 
of lime that persons spend in various microenviron¬ 
ments, 

Mom! Table AI, it is seen that, allowing lor 8 h'ol 
sleep,-employed men spend 34.4% ol the waking day in 
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the home; employed women spend 45.9% of the waking 
day in the home; “housewives” spend 81% of the wak¬ 
ing day in the home. In 1979, approximately 42% of 
families with both the husband and wife present, both 
were employed. Thus for homes occupied by married 
couples, 66% of the waking day (weighted mean averaged 
over 42% working wives and 58% homemakers) the 
home is occupied by a wife, and 34% of the day, by a 
husband: If the average habitual smoker smokes 32 
cigareties per day (CPD), then the wife will smoke 21 
CPD in the house, and the husband will smoke 11 CPD 
in the house. 

Bonham and Wilson (1981) found that 62% of U.S. 
homes with children in 1970 contained one or more 
smokers, and 25% contained two or more. Thus we may 
assume that of homes with one or more smokers, 40% 
have two smokers, and 60% have one smoker. We have 
three cases to consider: (a) Husband and Wife Both 
Smoke, (b) Only Wife Smokes, and (c) Only Husband 
Smokes, in 40% of the smoking homes, case (a) is true, 
and in 60% of those homes, either cases (b) or (c) is 
true. Specifically, 38% of men and 30% of women 
smoke (US DHHS, 1979). Then the probability of case 
(c) being true is 34% (38/68 x 60%), and the probabil¬ 
ity of case (b) being true is 26% (30/68 x 60%). The 
weighted mean of these is given by the sum of the prod¬ 
ucts of the percent of homes with a given number of 
smokers of either or both sexes, times the number of cig¬ 
arettes per day smoked by either or both sexes: 0.40 x 
32 + 0.26 x 21 + 0.34 x 11 = 22 CPD, estimated to be 
smoked daily in the average U.S. home, or about a pack 
per day. Is this theoretical estimate a reasonable number? 

Dockery and Spengler (1981a, 1981b), in a 1-yr study 
of indoor air pollution in 68 homes in 6 U.S. cities, 
found that cigarette smoking was the dominant source 
of respirable particles (RSP); in a typical house in the 
study, the average 24-h RSP levels were increased by 
0.88 fig/m 1 per cigarette smoked, and in a tightly sealed 
house, by a value of 2.11 >*g/m\ At an estimated occu¬ 
pancy-weighted average in-thc-home smoking rate of 22 
cigarettes per day, a 24-h average RSP level of about 19 
ng/m* (22 CPD x 0.88 jig/m* CPD) is calculated lor 
the typical house; in fact, Spengler el at . (quoted in 
NRC, 1981) observed a 24-h average of 19 ^g/m J in 22 
of the homes in the study where there was only 1 smoker. 
This number corresponds to an air exchange rate of 1.5 
ach using the model (see Appendix A3). Since this air 
exchange rate is within the expected range (Repace and 
Lowrey, 1980, 1982). an average of 22 CPD smoked in 
the home provides a reasonable basis for estimating ex¬ 
posure. 

The theoretical in-the-home number of cigarettes 
smoked in the home is weighted for occupancyduring 
the waking day. Since there is no data differentiating oc¬ 
cupancy lor smokers and nonsmokers, it is assumed 
that the statistical'occupancy of the nonsmoker is coin¬ 
cident with that of the smoker, i.e., that there is a non¬ 
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smoker present to receive the exposure. In order to cal¬ 
culate the daily dose received, Eq. (Al) is used wtth the 
parameters - 0.29 smokers/100m\ C, = 1.5 ach, 
times an occupancy factor of 22/32, limes a respiration 
rate of 0.99 mVh, times a 16-h maximum exposure day, 
yielding an estimated average exposure of 0.45 mg/day, 
for an adult nonsmoker, with an exposure probability 
of 62% . 

A reasonable approximation to the probability of a 
typical nonsmoking adult being exposed to ambient 
tobacco smoke at home is 62%, the same as Bonham 
and Wilson (1981) above found for adults with children 
(in 1970, 56% of families had one or more children 
under 18) (USDC, 1980). No differentiation is made 
between male and female nonsmokers, since Friedman 
et at. (1983) observed that degree of passive smoking 
had little correlation with gender. In households with 2 
or more smokers, there might not be an adult nonsmoker 
to be exposed; in this case, the probability of passive 
smoking (for a nonsmoker) reduces from 62% to 37%. 
However, the estimated total exposure (Table 1) only 
decreases by 8%, from 1.43 to 1.34 mg/day. In the 
absence of data on this point, it will be assumed that a 
nonsmoking adult is present. 

Appendix A3. Calculation of the Ratio of the 
Habitual Smoker Density to the Air Exchange 
Rate for a Typical U.S. Single Family House 

The typical range of annual closed-window air ex¬ 
change rates in U.S. residences is generally considered 
to be of the order of 0.5 to 1.5 ach, with the range lor 
the average residence of the order of 0.7 to 1.1 ach; and 
that of the tighter and newer residences of the order of 
0.5 to 0.8 ach (Fuller, 1981). So-called energy-efficient 
structures have rates of the order of 0.3 to 0.5 ach. 
(Repace, 1982). A typical UlS. single-family detached 
house is estimated to have a floor area of 1500 ft.* (139 
m 2 ] with an 8-ft (2.4-mJ ceiling, for a volume of 340 
m J (NAHB, 1981). 

Thus, per habitual smoker, the ratio DJC L = (1/3.4)/ 
1.0 = 0.29 habitual smokers per hundred cubic meters 
per air change per hour. In 1978, nearly Vy of occupied 
housing units were single-family detached dwellings 
(USDC, 1980). It is assumed that the ratio calculated 
above is valid for multifamily dwellings as well (the 
volume of an apartment in a multifamily building u 
likely to be less, but the air exchange rate is likely to be 
greater). 


Appendix B: Extrapolated Estimate of Risk 
From Passive Smoking 

An alternative method of estimation of risk from 
passive smoking is calculated as follows, in 1980, 
108,504 individuals in the United States were reported 
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to have died from lung cancer (USPHS, 1983). The 1982 
Surgeon General’s report on Smoking and Cancer esti¬ 
mated that 85% of LCDs are due to cigarette smoking 
(USSG, 1982); this yields 92,228 LCDs/yr. Lung cancers 
occur primarily in smokers over the age of 35 (NCI, 
1966); in 1980, there were an estimated 29,225,000 
smokers of all races and both sexes in this age bracket 
(USPHS, in press). It follows that in 1980^ there were 
3.156 x 10'* LCDs per smoker of lung cancer age. In 
1978 the average cigarette was 17 mg tar, and the 
average smoker smoked 32 cigarettes per day (Repace 
and Lowrey, 1980), for an estimated tar intake of 544 
mg/day-smoker. (A 1980 lung cancer death reflects a 
20- 40 40-yr smoking history, during which smoking 
rates increased by, and tar levels decreased by, about 
50% (USSG, 1979). Thus, 3.156 x 10' 1 LCDs/smoker 
divided by 544 mg/day-smoker yields a rate of about 

5.8 x 10"* LCDs/yr per mg/day per smoker of lung 
cancer age. 

Using a one-hit model (Hoel et ai. , 1983; Crump, 
1976) for the extrapolation of the risk from the esti¬ 
mated exposure of smokers down to the estimated ex¬ 
posure of nonsmokers provides an alternate exposure- 
response relationship. Crouch and Wilson (1981) have 
used this model, which saturates at high exposures, but 
which is linear at low exposures. This model has the 
form f\D) =1- exp (bD) t where f\D) is the esti¬ 
mated risk, b is the exposure-response function, and 
D is the exposure. The one-hit model, because of its 
functional form, can be considered as the first stage of 
the more complex multistage model. (U.S. EPA, 1983a; 
Hoc Xet.aL, 1983) Whenever the data can be fitted ade¬ 
quately by the one-hit model, estimates of both models 
will be comparable (U.S. EPA, 1983a; Crump* 1976; 
Ho cletaL. 1983). 

From above, b - 5.8 x 10"* LCDs per year per 
mg/day. D - 1.5 mg/day, from the estimated average 
exposure for the typical U.S. nonsmoker (Appendix A), 
assuming that per milligram, tobacco tar produces the 
same carcinogenic response in nonsmokers as it does in 
smokers. This calculation yields an estimated annual 
LCD risk about 0.87 x 10'* from passive smoking, or 
about an order of magnitude lower than the phenom¬ 
enological estimate made earlier. In this exposure range, 
this result is essentially the same as would be obtained 
from a linear.extrapolation. 

The primary age group at risk of lung cancer is that z. 
35 yr (Reif, 1981a, 1981b). Therefore, in the calculation 
that follows only nonsmokers £ 35 yr will be assumed 
to be at risk of lung cancer. In 1980, there were about 

63.8 million nonsmokers aged Z: 35 (USPHS, in press). 
Thus,, the alternative risk estimate is derived from multi¬ 
plying 0.87 LCDs/yr per 100,000 passive smokers times 

63.8 x 10* passive smokers at risk, yielding 555 LCDs 
per year in U.S. nonsmokers from passive smoking, 
using the one-hit model of carcinogenesis for extrapola¬ 
tion. 


Appendix C: Age Standardized Calculation of 
Estimated Annual U.S. Mortality and Loss of Life 
Expectancy From Involuntary Exposure to 
Ambient Tobacco Smoke 

Approximately 50% of SDAs in the cancer age range 
(>35 yr old) are adult converts to the church; others 
were either born into an SDA home or joined the church 
prior to age 20, typically with other immediate family 
members. A large proportion of SDAs tend to be heavily 
involved in church activities. Only a small proportion of 
SDAs repon current use of cigarettes (males, 1.7%; 
females 0.5%) (Phillips et at , 1980b). (By contrast, in 
1970, 43.5% of adult males and 31.1% of adult femaibs 
in the general population aged ^ 17 yr reported smok¬ 
ing) (USDHHS, 1979). 

Moreover, a substantial portion of SDAs work for “an 
organization owned and operated by the SDA Church” 
(nearly 45% of SDA females and 40% of SDA males in 
the study group (aged Zl 25 yr), reported working for 
the SDA Church.) (Phillips el at, 1980a, 1980b). Clearly, 
SDAs are kss likely than the general population to be 
involuntarily exposed to tobacco smoke, as children or 
as adults, at home or in the workplace, because neither 
SDA homes nor SDA businesses are likely to be places 
where smoking is permitted, and because the great ma¬ 
jority of SDA family and social contacts are among 
other SDAs who do not smoke (Phillips et at, 1980b); 

Table Cl shows the age-standardized calculation of 
estimated loss of life expectancy and annual lung cancer 
mortality from passive smoking. The calculation is based 
on the lung cancer mortality difference between two 
Southern California cohorts of self-reported nonsmokers 
who never smoked. Based on lifestyle differences, they 
appear to have different average levels of involuntary 
smoke exposure. The more-exposed group are desig¬ 
nated non-SDAs, and the less-exposed group SDAs (see 
main text). 

Columns 1, 2, 5, and 6 are tabulations from which 
age-adjusted mortality rates were calculated in the study 
of mortality in the Seventh-Day Adventist (SDA) by 
Phillips et ai (1980a, 1980b). Columns 1 and 2 and 5 
and 6 give the age-spccifie lung cancer deaths and person- 
years at risk, respectively, for the SDA and the non- 
SDA. The fractional number of LCDs in column 1 is 
due to a correction for out-migration of the SDA 
population from the study area. 

Columns 3, 7, 10, and 11 show the average numbers 
of individuals at risk annually during the study, allow¬ 
ing for those who died during the study. Columns 4 and 
8 show the annual average lung cancer death rate (LCD) 
per 100,000 persons, and column 9 gives the differences 
between the non-SDAs and SDAs in those rates. Col¬ 
umn 12 gives average LCD rates weighted to reflect the 
fact that there were three limes as many women as men 
in the study, and that the female data attained statistical 
significance whereas the malt did not —although the 
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combined data were significant (Phillips et af. t 1980a, 
1980b): A common LCD rate is assumed for both sexes 
in the calculation that follows. Also, it will be assumed 
that the entire LCD rate difference is due to passive 
smoking (see discussion on confounding factors in Ap¬ 
pendix D). 

Next, this calculation will be extrapolated to the en¬ 
tire U.S. nonsmoking population aged £ 35 yr. Col¬ 
umn 13 gives the mean age of the individuals in the 5-yr 
age group, and column 14 gives the number of persons 
alive at that mean age per 100,000 born alive. Column 
15 gives the total number of persons in the 5-yr age 
group (5 x column 14) per 100,000 bom alive (whites 
only) from the 1974 UlS. Life Tables (USDHHS, 1975), 
Column 16 gives the age-specific LCD rates attributed 
no passive smoking, standardized to (i.e., weighted by) 
the age specific population distribution in 1974 for U.S. 
whites (column 12 limes column 15). 

Column 17 gives the average life expectancy cor¬ 
responding to the mean age gi ven in column 13, which is 
taken to represent that of the entire 5-yr age group. Col¬ 


umn 18, the product of columns 16 and 17, gives the es¬ 
timated age-specific age-standardized person-years of 
life lost due to lung cancer from passive smoking. 

The sum of the values of column 18 gives an 
estimated 3932 person-yr of life lost due to passive 
smoking per 100,000 persons alive at age 35 in the U S. 
population in 1979. 3932 person-yr, when divided by the 
94,724 persons (USDHHS, 1975) at risk at age 40 (LCDs 
were not observed at earlier ages in the SDA study; 
however, they are observed in the general nonsmoking 
U.S. population at age 35) (USSG, 1979) yields 15 days, 
the mean number of days of life lost, and, multiplying 
by the pcak-to-mean exposure raiio, 148 days for the 
maximum number of days lost (where the risks of the 
non-white population are taken to be the same as for 
the white population.) 

Column 19 is column 16 times 62.424 million divided 
by the sum of column 15. The sum of coltimn 19 gives 
an estimated age-standardized mortality total oi 4,665 
LCDs per year in UlS. nonsmokers from passive smoL 
ing (where there were 93,636,000 persons aged £ 35 yi 


) 
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Table Cl. Age-standardized estimation of lung cancer deaths from passive smoking. 


5 yr. Age 
Group 

SDA Never Smokers 

3. 

1. 2. Average 

Total LCDs Person i Annual 

(17 yr period) yr at Risk No. ol Persons 

Females 

4. 

LCDs 

per 100,000 
Person Years 

Non-SDA Never Smokers 

1 

LCDi 

per luuui 
Person In 

5. 

Total LCDs 
02.58 y 
period) 

6. 

Person yrs. 
at Risk 

7. 

Average 
Annual No. 

of Persons 
at Risk 

35-39 

0 

3791 

223.0 

0 

0 

5766 

458.3 

0 

40-4-1 

0 

11494 

676.1 

0 

1 * 

16466 

1308.3 

6 07)1 

45-49 

0 

18757.5 

1103.4 

0 

2 

38319 

>0-46,9 

5 2191 

50-54 

1.1.19 

24808.5 

1459.3 

4.5106 

4 

61630 

4899:0 

6 

55-59 

1.000 

247U2 

1453.1 

4.0483 

8 

71289 

5666.9 

11 222 

60-64 

1.101 

24051.5 

1414.8 

4.5777 

7 

65054 

5171.2 

It) 760 

65-69 

1.148 

23326.5 

1372.1 

4.9214 

4 

5J6I4 

4420:8 

7 UU 

70-74 

0 

21809 

1282.9 

0 

9 

44248 

3517.3 

20 J40 

75-79 

l.Ooo 

18822 

1107.2 

5.3219 

10 

29250 

2325.1 

34 1U 

80-84 

7.775 

13435.5 

790.3 

57.869 

6 

15301 

1216,3 

3V2IJ 

85 + 

2.258 

10017.5 

589.5 

22.541 

10 

7891 

627.3 

128 7) 

Total 

15.401 

195,015 

11.472 

103.7899 

61 

410,828 

32.657 

267:4^7 





Males 





5 yr. Age 









Group 

SDA 

Never Smokers 



Non-SDA Never Smokers 


35-39 

0 

1926.5 

113.0 

0 

0 

1581 

1)9.3 

0 

40-44 

0 

5732.5 

337.2 

0 

0 

3479 

276:6 

0 

45-49 

0 

. 9177 

539.8 

0 

0 

9662 

768.0 

0 

5U-54 

0 

11480 

675.3 

0 

1 

19313 

1535.2 

5 177* 

55-59 

1 1 19 

10359.5 

609.4 

10 8017 

2 

23848 

1895 6 

8 346) 

60-64 

1 ouo 

8763.5 

515.5 

11.440 

4 

19535 

1552.9 

20 4761 

65-69 

3.40J 

7386.5 

434.5 

46.0435 

8 

14105 

1121.2 

56 7 \'y 

70-74 

1115 

63t»0.5 

374.1 

17.5301 

0 

9786 

777.9 

0 

75-79 

0 

5278.5 

310.5 

0 

2 

6541 

520 0 

30 576* 

80-84 

1.143 

3957.0 

232 8 

28.8855 

4 

3517 

279.6 

1137)) 

85 + 

2.235 

3160.U 

185.9 

70 7278 

2 

1671 

132 H 


1 Oljl 

10.013 

73581L5 

4328.0 

185 4286 

23 

_ 113.038 

8979.1 

354 75«a 


L- 
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Table Cl. (Continued). 


5 yr Age 
Croup 

Females 

MaJe/Femalc 

13. 

Mean 
age of 
5yr 
Croup 

14. 

Mean No. 
of Persons 
At Risk at 
each yr of 

5 yr Group 

15. 

Mean No. 
of Persons 
At Risk in 
Entire 5 yr 
Age Group 

16. 

Age Specific 
Age Stand 
(1974 u s: 
White 

Population) 

LCDs 

9. 

Annual LCDs 
per 100.000 
(Non-SDAMSDA) 

10. 

Average 
Age-Specific 
No. of SDA 
it Non SDA 
at Risk 

11. 

Average 

Age-Specific 
No. of SDA 
it Non SDA 
at Risk 

12. 

Annual 
Weighted 
Mean LCD 
per 100.000 
(unisex) 

35-39 

0 

681 

913 

0 

37.5 

95.201 

476,005 

0 

40—44 

6.0731 

1985 

2599 

4 64 

42.5 

94.122 

470,610 

21.84 

45-49 

5.2193 

4)49 

5457 

4.50 

47.5 

92,339 

461.645 

20.77 

50-54 

1.9603 

6358 

8369 

2.81 

52.5 

89,590 

447,950 

12.59 

55-59 

7.1737 

7120 

9625 

4.67 

57.5 

85.477 

427,385 

19.96 

60-64 

6.1623 

6586 

8654 

6.87 

62.5 

79,396 

396.980 

27.27 

65-6* 

2:2710 

5793 

7349 

4.05 

67.5 

71,177 

355,885 

14.41 

70-74 

20.340 

4600 

5952 

13.0 

72.5 

60,455 

302,275 

39.30 

75-79 

28:675 

3432 

4263 

29.2 

77.5 

46.689 

233.443 

68.17 

60-64 

- 18.656 

2006 

2518 

2.35 

82.5 

31.209 

156,045 

3.67 

*5 + 

104.189 

1217 

1536 

92 6 

87.5 

11.9)3 

59.563 

55.16 

Total 

163.6477 

44,127 

57.435 

164.69 

(1974 Census (whites 

3.787.790 

203.14 






per 100,000 at Birth) 



5 yr. Age 

Males 








35-39 

0 

232 







40-44 

0 

614 







45-49 

0 

1308 







50-54 

5.1779 

2211 







55-59 

-2.4152 

2505 

• 






60-64 

9.0651 

2068 







65-69 

106740 

1556 







70-74 

-17.5301 

1152 







75-79 

30.5764 

831 




m 



60-64 

64.8475 

512 







65 + 

48.9612 

319 







Total 

169 3566 

13,308 




* 

— 1 Y - 




Table CL (Continued). 


5 Yr. Age 
Group 

17: 

Average life 
Expectancy 
for the 5- 
ycar A ge 
Group 

18. 

Person years of 
lite lovt due to 
LCDs from 
passive smoking 

19. 

LCDs per year 
in age group in 
entire 1979 U.S. 
nonsmoking 
population 
aged £ 35 yr 

35-39 

— ■ 

0 

0 

40-44 

33 1 

723 

360 

45-49 

28.7 

596 

343 

50-54 

24.6 

310 

207 

55-59 

20 8 

415 

329 

60-64 

17.2 

469 

449 

65-69 

14.0 

202 

237 

70-74 

11.1 

436 

647 

75-79 

8.6 

586 

1123 

80-84 

6:6 

24 

61 

85 -t; 

3.1 

171 

909 


17 * 9 

3932 

4665 


in 1979, and two-thirds or 62,424,000 of these were non- 
smokers). 

Examining column 19, shows that of those individuals 
assumed to contract lung cancer from passive smoking, 
approximately VA°7q do so at each year of age from 
40 to 69, and over age 70, approximately 3% do so each 
year. Of those who actually comract fatal lung cancer 
from passive smoking, the mean life expectancy lost is 
about 17 ±9 yr, and about %°/a lose as much as 33 yr. 

Appendix D: Discussion of Confounding Factors 

The 1ARC criteria for causality and human cancer 
specify that possible sources of bias and'confounding 
error should be considered ([ARC, 1979). What factors 
other than passive smoking could account for a lung 
cancer difference between two cohorts? 

The most obvious one is miscikssificationL Some of 
the individuals classified as nonsmokers could have 
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been smokers or exsmokers, giving rise lo a spurious cf- 
feci. Workplace or residential exposure to Jung carcino¬ 
gens or dietary differences between the cohorts might 
also give rise to spurious differences. However, this is 
not likely to be an effect constant over 14 positive studies 
in six different countries, all of which report about a 
doubling of risk when the exposure variable is spouses' 
smoking. 

Arsenic, asbestos, beryllium, chloroethers, chro¬ 
mium, coke oven emissions, nickel, radon, and vinyl 
chloride, as well as tobacco smoke, have been implicated 
in the etiology of Jung cancer (Ives, 1983; SeJikoff, 
1981). Possible differences due to industrial exposures 
should be expected primarily in blue-collar workers. 
Phillips el qL (1980a, 1980b) have stated that the 
SDA/non-SDA subgroups were demographically and 
educationally similar, suggesting similar occupational 
distributions, although there is no information on this 
point. There is no reason to believe that domestic radon 
levels, which are a property of the soil, would be any 
different in SDA homes than non-SDA homes. Finally, 
it should be considered that co-exposures to other lung 
carcinogens (e.g., radon) may increase the effect of 
passive smoking (Bergman and Axeison, 1983). 

It is also possible that dietary differences between the 
two groups might have contributed to the SDA/non- 
SDA lung cancer difference. For example, 54% of 
SDAs follow a lacto-ovarian diet and 41% rarely use 
caffeine beverages. However, Hirayama (J981a, J9#lb, 
1983a, 1983b) observed a dose-response relationship 
between exposure to passive smoking and lung cancer 
even in those with an apparently cancer-inhibiting diet. 
Also, SDA/non-SDA cancer differences are not signifi¬ 
cant for other smoking-related cancer sites; this runs 
counter to a protective effect of diet as a confounding 
factor. Finally, Hirayama (1983a) observed that the 
magnitude of this effect varied from a mortality ratio of 
l for passive smoking women who did not follow a pro¬ 
tective diet to 0.82 for women who use green-yelJow 
vegetables only occasionally, to 0.72 for women who ate 
them daily. Thus the magnitude of the effect does not 
appear to be sufficient to account for the observed 
SDA/non-SDA lung cancer difference. Moreover, if 
40% of the SDAs wori: for church-run organizations, 
60% do not; these 60% surely must be subject to some 
passive smoking in the workplace, at least partially off¬ 
setting the effects-of potential dietary or occupational 
differences with the non-SDAs. 
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INTRODUCTION 


Nonsmokers may be exposed to measurable amount* of tobacco 
■moke in indoor environments such as offices; public areas such 
ss shopping centsrs, bars snd restaurants; and private 
residences, particularly if the ventilation is poor. This 
passive exposure to environmental tobacco smoke (ETS) is pi 
concern because several epidemiological studies have indicated 
that ETS exposure may incraase tha risk of lung cancer 0,2). 

The magnitude of a possible excess lung cancer risk for 

♦ 

nonsmokers from ETS exposure Is therefore of interest. 

S3 


Cofrrtffcl C IWi Sr Mart* DMktf. 
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R^pace and Lovrey (3) develop a "phenomenological modal* 
vhich estimates an annual excess risk frosi CTS exposure of 7.4 
lung cancer deaths (LCD)/!00,000 nonsmokera 35 years of >9# end 
over. The risk cslculetion is limited to individuals 35 yaare of 
age and over becau8e only 0.26% of lung cancer deaths in 1980 
occurred among individuals less than 35 years of age (4). This 
eicess risk, applied to an estimated U.S. population of 62.4 
million nonsmokers, 35 years of age and over, predicts 4,655 
nonsmoker lung cancer deaths fro* CTS exposure. The category 
•nonsmoker* includes both ex-smokers and life-long never 
smokers, 

Rppace and Lovrey** phenomenological estimate of the lung 
cancer risk from CTS exposure has been vldely accepted in the 
U.5. and Canada (5), Tet, the estimate is based on seversl 
unrealistic assumptions and on unstable data that warrant closer 
examination, it is the purpose of this review to examine several 
problems with the phenomenological model and to evaluate £%** ' 
reliability of the lung cancer risk estimates derived frbm it. 

THE PH ENOMENOLOGICAL MODEL 

Pcpace and LovrVy’s phenomenological model extrapolates from 
the ohserved (hence phenomenological) results of a study on a 
special group of ntvar smoker* to the entire U.S. population of 
nonsmokers. The calculations use lung cancer incidence data from 
" cohnrt study by Phillips et al (6,7) of California Seventh Day 
Adventist (SDA) never smokers snd s second cohort of California 
never smokers. The SDA cohort of never smokers were followed 
Prospectively from i960 until mid-1972 and the compariaon never 
smoker cohort, from the American Cancer Society (ACS) 25-State 
study, vns followed from i960 to the end of 1976. 

T9SCTSC20K 


The study by Phillips et al does not examine the association 
between ETS exposure and lung cancer, nor Is sny information 
obtained on CTS exposure. However, the SDA group va» probably 
less exposed to CTS than the nonSDA group because less than two 
percent of the SDAs were self-reported smobe-r* as a result of 
the church proscription against smoking. Consequently, SDA never 
smokers are not likely to be exposed to CTS in church operated 
businessea, in their own homes, or in the homes of other church 
members, 

Table 1 gives, for both SDA and nonSDA never smokers, the 
observed number of lung cancer deaths and the lung cancer death 
rate per 100,000 person-years for each 5-year age group starting 
from age 35, The age standardised relative risk of lung cancer 
for the SDA men end women compared to the nonSDA men and women 
is 1.73 and 2.54, respectively. 

Repace and Lowrey assume that all of the difference in the 
lung cancer risk between SDA and nonSDA never smokers is caused 
by a difference in exposure to CTS. They estimate the lung 
cancer risk from CTS exposure in the following manner, first, 
the age-specific lung cancer risks for SDA never smokers are 
subtracted from the comparable risks for nonSDA nev*f smokers. 
For example, the lung cancer death rate for nonSDA never smoking 
*o**en 85 years of age and ovar ia 1 26.73 per 100, OQO (Table 1, 
column 5), while the rate for the comparable group of SDA women 
la 22.54 (Table I, column 3). The difference, 104.19 
LCD/100,000, is attributed entirely to CTS exposure. Second, the 
age-specific differences in risk for men and women are weighted 
in order to derive a single age-specific rlak estimate. Cor 
example, the difference between SDA and nonSDA *en over B5 t> 
48.96 LCD/100,000. The combined average for the over 85 age 
group, weighted by the number of person-year* of observation for 


Source: https://www.industrydocuments.ucsf.edu/docs/szpx0000 
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TABLE I 


lung C0nt»rdeaths and the lung oncer d oth rate 

per 100,000 person-y ” 

AdvgntiSt 


umn» mo £. __r nq _ pncer qg RtH fi 
rpn^yeart (Icp/Tfttt.TTOft) tor Seventh Day" ' 
(SPA? and nonSDA never smokers (1) 


men 


SDA 


nonSDA 


Aq? 

35-39 
ID- H 

<5- 49 
50-54 
55-59 
60-64 
65-69 
70- 74 
75-79 
P0- P4 
fl V 


« Deaths* LCD/tOO,000 I Deaths* LCD/100,000 


0 

0 

0 

0 

10.B0 
1 1.44 
46.04 
17,53 
0 

28.89 

70.73 


0 

0 

0 

S. 10 
B.39 
20.40 
56.72 
0 

30.50 
1 13.73 
119.69 


WOMEN 


SDA 


SD^ 


Aq? 


Deaths* LCD/100,000 t Deaths* 


LCD/100,000 


35-39 0 

40-44 0 

45-49 0 

50-54 l 

55-69 1 

60-64 \ 

65-69 1 

70- 7 4 0 

75-79 , 

R0-FU Q 

85 * 2 


0 

0 


0 

0 

1 


6.07 

0 

2 


5.22 

4.51 

4 


6.49 

4.05 

8 


1 1,22 

4.58 

7 


10.76 

4.92 

4 


7.19 

0 

9 


20.34 

5.32 

10 


34.19 

57.87 

6 


39.21 

22.54 

10 


126.73 


*The actual number of observed deaths is estimated fro* Repace 
and Lnvrey'a figures, which were adjusted for the effect of 

outmigration. 
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■ten and Roman, is 92.6 LCD/100,000. Third , the average rift 
estimates for both sexes combined are applied to the estimated 
population distribution of the 62.4 million nonsmokers 35 years 
of age and over in the 0.5. in 1900, which Is assumed to be the 
same as the age distribution of the entirtJJ.S, population in 
1974. For example, the excess lung cancer risk from RTS exposure 
of 92.6 LCD/100,000 men and women 55 years of age and over, 
combined, is applied to the estimated 981,164 nonsmokers over 85 
in the U.5. in »980, This predicts 909 excess lung cancer deaths 
in this age group ((92.6 i 901,164)/100,000), fourth , the excess 
lung cancer deaths for all age groups over 35 are suwweed. This 
adds up to 4,655 excess lung cancer deaths among the 62.4 
million nonsmokers, which gives an annual risk from ETS exposure 
of 7.4 LCD/100,000 nonsmokers 35 years of age and over, 

PROBLEMS WITH THE PHENOMENOLOGICAL MODEL 

There are three problems with Repace and Lovrey’s 
phenomenological model, f 

1. The lung cancer risk estimates derived from the SDA study 
are based on very fee observed deaths and are unstable. 

2. The apparent differences in lung cancer mortality between 

SDA and nonSDA never smokers may be due to a variety of 
factors other than ETS exposure. * 

3. A number of assumptions and calculations are made that are 
clearly incorrect, 

1. Stability of the Model 

The reliability of Repace and Lowrey’s phenomenological 
model la Strongly dependent upon the accuracy of the 


Source: https://www.industrydocuments.ucsf.edu/docs/szpx0000 
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aqp-?neciric lung cancer death rate* calculated for the SDA and 
nonSDA never smokers. However, the SDA lung cancer death rates, 
in particular, are not likely to be accurate because they art 

based on a small number Of observed lung cancer deaths. 

.'h 

There were only 10 lung cancer deaths among the SDA sen (the 
difference In risk between SDA and nonSDA men Is not, In fact, 
statistically significant) and 15 deaths among the SDA women 
(6). The age-specific risks for 9 out of the 22 age groups art 
based on only one lung cancer death and there were no lung 
cancer deaths in an additional nine of the age groups. 
Consequently, the age-specific rates for SDA men and women 
varied widely, at shown In column 3 of Table I. For example, the 
lung cancer death rate for SDA women over 85 was less than half 
the rate for the preceding age group, This decline of lung 
cancer risk with sge must be due to random # or other errors, 

because lung cancer death rates invariably increase.with sge 

* 

The small number of lung cancer deaths observed for the SDA 
cohort may be partly attributable to a lack of hiatopathologlcal 
verification and Incomplete follow-up. These two problems did 
not o'-cur in the rronSDA cohort, which stay partly explain the 
)nrg** difference in the lung cancer rates between the two 
cohorts. The SDA cohort was also relatively small so that few 
lunq cancer deaths would be expected. Random fluctuations in the 
numb*r of observed lung cancer’ deaths would result in large 
differences In the age-specific lung cancer death rates. 
Therefore, these rates are wery unstable. 

The phenomenological model Is very sensitive to srrors In 
the estimated lung esncer death rates for SDA never smokers. For 
example, adding one lung cancer death to the 70-71 year age 
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group for SDA women results in 183 fewer estimated deaths per 
year in the U.5., according to the method used by Repace and 
Lowrey (3). A second example concerns the over 85 age group. As 
noted above, the observed lung cancer death rate of 22.5 
LCD/100,000 SDA women 85 yean of age and-Older is not likely to 
be correct, and is probably a large underestimate of the true 
rate, This underestimate it responsible for a significant 
proportion of all lung cancer deaths attributed to ETS exposure. 
909, or 19.5k, of the estimated 4,655 excess lung cancer deaths 
in the 0.S. among all nonsmokers 35 years of age and over occur 
among individuals over 85 years of age. The majority of these 
deaths are attributable to the estimated risk for women over 85 
because of the large difference of 104.2 LCD/100,000 between the 
rate of 22,5 LCD/100,000 SDA women and 126,7 LCD/100,000 nonSDA 
women in this age group. An increase in the lung cancer death 
rate for SDA women over 85 years of age to a rate greater than 
that observed for women between 80-84 years of age (57,9 
LCD/100,000) would decrease the difference between the SDA and 
nonSDA cohorts and consequently decrease the predicted risk and 
number of deaths attributable to ETS exposure. 

For several age groups, the phenomenological model predicts 
more lung cancer deaths among never smokers as a result of 
exposure to ET5 alone than a reasonable estimate gf the total 
number of lung cancer deaths from all causes, as shovn in Table 
II for men and Table III for women. The number of expected lung 
cancer deaths is obtained by multiplying the age-specific lung 
cancer death rates from ETS exposure alone (column 3) or from 
all causes (column 5) by an'estimate of the number of never 
smokers in each age and sex category (column 2). The latter is 
obtained by combining the 1979/1980 Health Interview Survey 
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(his* estimates of the proportion and age and sex distribution 
of nrver smokers with the U.S. Census estimate of the population 
35 y^ars of age and over in 1980 (10,11), The estimated number 
of lung cancer de^the^Xrom ETS exposure alone is given in column 
4 of each table. The all causes estimate uses the lung cancer 
death rates observed for never smokers in the ACS 25-state study 
(8), The estimated number of lung cancer deaths from all causes 
Is given in column € of each table. 

The phenomenological model estimates fever male never smoker 
lung cancer deaths from ETS exposure than the estimated number 
oT deaths from all causes. Hovever, for women, the model 
estimates almost the same number of lung cancer deaths from RTS 
eipo^ure than from all causes for the age group 70-74 and more 
deaths from ETS exposure than from all causes for the age groups 
4Or«4, 4 5- 4 9, 55r59 and B5+, Tor example, the estimate of 1,069 

female deaths attributable to ETS exposure In the 85* group Is 

h 

almost twice the estimate of 539 deaths from all cauaes. The 
fact that the phenomenological model predicts, for several age 
groups, more lung cancer deaths from ETS exposure alone than 
from all causes indicates that the death rates used in the model 
arr unreliable indicators of the real risk associated with ETS 
exposure. 

7 . ot her Causes for the Difference in Risk Between SPA and 
Hpn SD A Nonsmokcra 

Repace and Lowrey's phenomenological model assumes thst ill 
of the difference In lung cancer Incidence between the SDA and 
nonsru never smokers is csused by ETS exposure. This assumption 
does not allow for other possible confounding factors, such as 

S9SCTSC202 
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differences between the SDA end nonSDA cohorts in diet or 
exposure to occupational carcinogens. 

The possibility of confounding by occupation, though 
possible, cannot be assessed. Phillips et al (6,7) did not 
determine the occupational distribution oT^SDA and nonSDA never 
smokers because occupation was coded differently for the two 
groups. Occupation would affect the estimated risks if a higher 
proportion of the nonSDA versus SDA never smokers were 
blue-collar workers exposed to carcinogens at work. 

Confounding by diet is probable. A low rate of consumption 
of vegetables or foods containing retinoids has been linked to 
an increased lung cancer risk (12-15). The SDAs are known to 
follow a lacto-ovo vegetarian diet and this may reduce their 
risk for many types of cancer, both through a decreased intake 
of fats and an increased consumption of vegetables, eggs, end 
milk high in retinoids or vitamin A. Therefore, the low lung 
cancer Incidence among the SDA never smokers may be due to 
dietary factors such as an above averaqe consumption of 
retinoids. A possible dietary cause for the difference in the 
lung cancer risk between the SDA and nonSDA never smokers is 
supported by the lower risks for colon-rectal and breast cancer 
observed for the SDA group. Several studies have found that diet 
may be a risk factor tor colon-rectal 06) end brjast cancer 
(17). There was a statistically significant decrease in the 
relative risk (RR) of breeat cancer (RR - 0.80 and colon-racta 1 
cancer (RR * 0.56) for SDA women never smokers compered to the 
nonSDA women never smokers (6). The relative risk of 
colon^recta1 cancer for SDA men was also below 1,0 but was not 
statistically significant. 


Source: https://www.industrydocuments.ucsf.edu/docs/szpxOOOO 
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3 . Ot Krr Errors 


'•'here are three instances where Repace and Lowrey Mitt 
inappropriate assumptions. 

i . Prpace and Lowrey .^correct ly assume that nonsmokers have 

tha same sex and age distribution as the entire U.S. white 

population, A comparison between the 1979/1980 HIS data and 

U.s. Census data (10) shows that the age distribution of the 

U.s. nonsmoking population Is skewed towards the older age 

classes, as shown in Table IV. For example, 25,38% of mala 

nonsmokers 35 years of age and over are between the ages of 

35 and 44 compared to 28,76% of all U.S. males 35 years of 

aqr and over and 10.5% of nonsmoking males are 75 yeara of 

nqe or over compared to 8,1% of all U.S. males. 

?. Prpace and Lowrey combine both sexes, instead of calculating 

the expected number of deaths for each sex separately. The 

latter is required, as the age distribution of female newer 

h 

and nonsmokers Is different from the comparable 
distributions for men, as shown in Table IV, 

3. Prpace and Lowrey estimate the excess lung cancer deatha 
from ETS expoiure for nonsmoktrs (ex- and newer amokera 
combined). Thim should not be done because tHe difference in 
lung csncer death rates between the SDA and nonSDA group it 
for *f?rr smokers only. The excess risk for ex-smokers fro« 
exposure to RTS may differ from the riak for newer smokers 


either because of their prewlous smoking habikfor because 
ev*r smokers are more likely than newer smokers to be 
exposed to carcinogens at work (10). 




1MDEPEMPEWT SUPPORT FOR THE PHEHOMEMQLOCI CAL MODEL? 


Tbr phenomenological model, based on only 25 lung cancar 
deaths Among never smoking men and women SUM combined, provides 


99SCTSC202 


LUNG CANGES SISKS FROM PASSIVE SNOKINC 


TABLE IV 

1979/1980 HIS estimates of the age d1strIbut1ona of newer 
and nonsmokers an3 ~~ the U.S, Census estimate 
fg£ adulFi T5~ years ot age and over 


MEM 


Age 

Never 

HIS 

Nonsmoker 

u.s. 

Census 

All 

35-44 

31.00 

25.38 

28.76 

45-54 

21.47 

23,01 

24.80 

55-64 

19.15 

22,40 

23.00 

65-74 

16.56 

18,66 

15.34 

75-84 

9,24 

8.44 

6.54 

85* 

2,54 

2.06 

1 .56 

WOMEN 

Age 

Hewer 

HIS 

Nonsmoker 

U.S. 

Census 

All 

35-44 

21,70 

23.09 

25.38 

45-54 

21,25 

21.67 

22.67 

55-64 

21.25 

21.92 

22.34 

65-74 

19.40 

19.21 

17,10 

75-84 

12.78 

11,14 

9.46 

85 + 

3.56 

2.^2 

3.05 


an unstable estimate of the lung cancer risk for nonemokers es • 
result of ETS exposure. Repace and Lowrey, though not directly 
addresalng thLs problem, uae corroborative evidence to defend 
the estimated annual riak of 7.4 LCD/100,000. They jrgue that 
their findings are supported by 1) the results of a linear 
extrapolation model, after adjusting for the nonsmoker** retained 
ETS dose ahd 2) a sensitivity analysis of the ACS study on ETS 
exposure and lung cancer (8), 


1. Linear Extrapolation Model < 

Monsmoker lung csncer risks from ETS exposure can be 
calculated by using a linear extrapolation model. This method 


Source: https://www.industrydocuments.ucsf.edu/docs/szpxOOOO 




ARUNDEL, IRVIN, AND STERLING 


LUNG GANGER RISKS FRON PASSIVE SMOKIHC 


107 


estimates the risk for nonsmokers by dividing the lung cancer 
risk for current smokers by the ratio between the smoker's and 
nonsmoker’s average exposure. The linear aiodel requires 
estimates of several parameters such as the number of nonsmokers 

. ‘ft •-"»!» 

and current smokers In the U.S, and their average dally exposure 
to RTS. The linear extrapolation model also requires three 
assumptions, i) that it is valid to derive the lung cancer risk 
for nonsmokers exposed to emblent RTS fro* the observed risk 
smokers exposed to directly inhaled tobacco smoke|f2) that there 
is a linear relationship between risk and each unit of exposure, 
and 3) that no threshold exists at very low exposures where the 
risk fnlls to zero. 

Prpace and lovrey (3) pioneered the development of the 
linear model for estimating nonsmoker lung cancer risks from RTS 
exposure. Their linear extrapolation calculation estimates a 
lung cancer risk for nonsmokera of 0.03 LCD/100,000 from RTS 
exposure. This la >ign1fleantly lover than the phenomenoAglcal 
model s estimate of 7,4 LCD/100,000. Repace and Lowrey argue 
that the difference between the two riak estimates can be 
explninfd by the difference between the nonsmoker's inhaled 
exposure and the e<pjlllbrlum RTS dote. 9 

The inhaled exposure it based on the amount of RTS Inhaled, 
vhereas the equilibrium dote calculates the steady-state burden 
of particulate RTS in the lungs from the inhaled exposure. The 
following equation calculates the equilibrium dose (3)t 

Equilibrium dose • DnSr, 

vhere Dn equals the inhaled exposure in milligrams (mg); 0 
equaU the deposition fraction for tobacco amoke particulates in 
the lungs? and r equals the mean life for pulmonary clearance, 

&9SCT5CS02 


which is assumed to be 101 days. The deposition fraction for 
nonsmokers has been empirically estimated to be appro*irately 
11% (19). Repace and Lowrey estimate that the equilibrium dose 
for the average nonsmoker inhaling 1,43 mg/day is 16 mg/day 
(1,43 mg x .11 x 101), which is 1/34th of their estimate of the 
average smoker's dally Inhaled exposure of 544 mg. Repace and 
Lowrey's estimate of the lung cancer risk for current smokers is 
315.6 LCD/100,000. Therefore, the linear model predicts a lung 
cancer risk for never smokers of 9,28 LCD/100,000 (315.6/34), 
Accordingly, the risk estimates derived from the linear and 
phenomenological models trt approximately the same, with the 
phenomenological model providing the lover risk estimate. 

In fact, Repace and Lowrey's adjustment of the linear model 
is based on an Incorrect comparison between tvo completely 
different estimates of exposure. The expourt of smokers Is 
compared to the t fvf/f krI am rfeir of nonsmokers, Obviously, the 
correct comparison is either between the smoker and nonsmoker’s 
Inhaled exposure or between the smoker and nonsmoker’s 
equilibrium dose. An estimate of the lung cancer risk for 
nonsmokers, using the linear model and the equilibrium dose, can 
be determined using an estimate of the depeeition fraction for 
smokers. 

The deposition fraction tor smokers has been -Vrpirically 
estimated to be between 70% and 96% (19-22). We will assume an 
average retention rate of 80% for smokers. The equilibrium dose 
for smokers, using Repace and Lowrey's estimate of the inhaled 
exposure for smokers of 544 mg, Is 43,955 mg ( 544 x 0.00 x id). 
Therefore, nonsmokers have only 1/2,747th of the smoker’s 
equilibrium dose (43,955/16) end, consequently, only 1/2,747th 
of the smoker’s lung cancer rate, or 0,11 LCD/i00,000 
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in* 

n 15 .f>, 74?). Instead of supporting the phenomenological 
rstim*i»e, the use of the equilibrium dose In the linear model 
$iqnjfirent 1y decreases the likelihood that the phenomenological 
*odel provides a re^UJ^# estimate of the average risk for 
nonsmokers from ETS exposure, 

?. Sensitivity Analysis 

Repace and Lowrey (3) conduct a sensitivity analysis to 
explain the difference in the results of two cohort studies, one 
in japan and one in the O.S, r of female nonsmokers married to 
smokers. The sensitivity enalysis uses sn estimate of risk per 
I mg of exposure to tobacco smoke particulate that is based on 
the phenomenological model. Gerfinkel's (8) analysis of the ACS 
data for 176,731 American women followed from i960 until 1971 
finds a statistically nonsignificant Increased relative risk of 
i.?0 for never smoking women married to smokers. Conversely, * 
Hirsyama’* ( 23 ) *tudy of 91,540 Japanese vomen followed from 
'966 to i98» finds e statistically significant increased 
relative risk of 1.78, which is closer to the relative risk of 
1.73 for men and 2.54 for women on which the phenomenological 
model is based. 

Rrpnce and Lowrey auggest that the ACS relative risk is 
unrealistically low and actually results from confounding with 
workplace exposure, which they estimate to contribute four times 
»s much exposure to RTS ss the home environment. The ACS Study 
does not include workplace exposure as a factor in deciding 
"postil status, Nonsmoking women married to smokers are defined 
" 5 exposed, whereas nonsmoking women married to nonsmokers are 
d**f in*d as unexposed. Repace and Lowrey estimate that 38 percant 


of the original unexpoaed and exposed ACS women worked outside 
the home and were therefore exposed to ETS at work. 

Repace and Lo*rey's sensitivity analysis recalculates the 
ACS results using an estimate of the lung cancer risk per 1 mg 
of ETS exposure and an estimate of the amount of home and 
workplace exposure recieved by the original ACS exposed and 
unexposed cohorts. The lung cancer risk per 1 mg of exposure is 
estimated by combining the phenomenological model’s estimated 
risk of 7,4 LCD/100,000 with an estimated average dally exposure 
to 1.43 mg of ETS, This estimates a risk of 5 LCD/100,000 per mg 
of exposure. The excess lung cancer risk from ETS exposure for 
each of four exposure categories * women not exposed at home or 
at work, women exposed at work only, women exposed at home only, 
and women exposed at home and at work - is determined by 
multiplying the estimated exposure by the risk of 5 LCD/i00,000 
per mg of exposure, Por example, Repace and Lowrey estimate that 
employed women are exposed to 1.82 mg/day and women who live 
with a smoker are exposed to 0.45 mg/Aay. Therefore, women who 
both work and live with a smoker are exposed to 2.27 mg/day for 
an excess risk of 11.35 LCD/100,000 (2.27 x 5). The excesx risk 
from ETS exposure Is added to the background lung cancer risk in 
the absence o( any exposure In order to construct an expected 
death rate for each of the four exposure categories^ The lung 
cancer death rate of 8.7 per 100,000 person-years found in the 
Japanese cohort study for nonsmoking women married to nonsmoking 
t»en is used as the base lung cancer rate in the absence of 
either work or home exposure to ETS, 

The relative risk of 1.19 for women vho live with a smoker 
wersus those who do not, determined after the adjustment for 
work exposure and the use of the phenomenological model’s 
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estimate of risk, is only marginally different from the original J 

'unadjusted’ risk of t,20. According to Repace and Lowrey, this 
indicates that the estimated risk from the phenomenological 
model is a good est^matV of the true risk in this cohort study. 

Problems with the sensitivity analysis 

Repace and Lovrey’s sensitivity analysis is dependent upon 
i) the applicability of the background lung cancer death rate in 
the absence of smoking and 2) the relative importance of 
exposure at work versus exposure at home, 

I T hr background risk 

The use of the risk of 8,7 LCD/100,000 Japanese women 
nonsmokers as an estimate of the background risk In the 
Garfinkel study Is inappropriate. Repace and Cowrey note that 
the risk of 8,7/tOO, 000 is an •age-adjusted 1 risk, but tt hi * 
odi*iird 10 tht Iff it 99 ft butt on pf fbt kpibomit of tho Joponest 
frmoir *on$mokrrt pni not to I Af ACS VMM ir ri$k. It is 
unlikely that the tge distribution of Japanese male nonsstokers 
is the same as the age distribution of American female 
nonsmokerS, 

The age distribution of the entire ACS population of 
nonsmoking women Is available and can be compered against the 
sge distribution used In Hirayama's study. Both distributions 
are giv* n in Table V, if « v assume that the age distribution of ( 

nonsmoking women married to nonsmokers In the ACS study is ! 

similar to the age distribution of all nonsmoking ACS women, it 
is possible to apply the age-specific lung cancer death rates 
from the Japanese study to the ACS population distribution, as 
shown jn Table VI. The background lung cancer death rate Is 
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TABLE V 

Age distribution of 375.381 nonsmoking women at the gtert _of 
t he ACS^Vtudy and Thy-nonsmok i ng husbands ~oy 21 ,89b 
HoronoVinq women at the start of the_,Hj_r_ayama stud* 


AGE 

ACS (24) 

Hlrayama (1) 




. 

under 49* 

0.3374 


0.2845 

50-59 

0.3278 


0.3558 

60-69 

0.2201 


0.3252 

70* 

0.1147 


0.0345 

* ACS population starts at 30 
population of husbands at <0 

years of age and 
years of age* 

the Hlrayama 


TABLE VI 


Estimated 

lunq cancer death i 

rate (LCD/i00,000) 

for nonsmoking 


from the ACS study 

( 8 ) aft e r us mo t ne n u s Da ng - 

^•'crwrilic rTsks-rox nonsmoking women from 

H j r a yama \>/ 

AGE 

Hirayamai hi 

LCD/l00,00G* 0 

ge Distribution 

L ACS nonsmokers 

Expected LCD'8 

under 49 

4.01 

* 

0.33*74 

1 .35 

50-59 

8.02 

0,3278 

2.63 

60-69 

15.80 

0.2201 

.3.48 

70 + 

41.39 

0,1147 

4,75 


Total LCD/100,000 
Aoe-SDeclfic LCD/100,000 parson years, adjusted f 


12.21 




subsequently increased from 8.7 to 12.21 LCD/100,000. This is 
similar to the rate for all nonsmoking ACS women of 
approximately 13 / 100 , 000 , which indicates that there is no 
increase in risk in the ACS study from ETS exposure. 
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The background risk of 12.21 LCD/100,000 can be used in the 
sensitivity model, keeping In wind that the model it extremely 
insensitive to large difference* in risk. For example, the ute 

of the phenomenological estimate of the excess lung cancer risk 

'W - ,p *> 

from ETS exposure results in a 1% difference between the 
adjusted relative risk of 1.19 and the observed relative risk of 
i.?0. Decreasing the estimate of the excess risk 6.3-fold only 
increases the difference between the adjusted and observed 
relative risks by 17%. A change in the background riak from 8,7 
LCD/i00 ( 000 to 12,21 LCD/100,000 Increases the difference 
betvrpn the adjusted and observed relative risk froei 1,0% to 
4.64. which is a significant change considering the 
1nspn^itiv i ty of the sensitivity analysis. This indicates that 
the estimate of risk fro* the phenomenological model is a poor 
indicator of the true risk In the ACS population. 

The use of the background lung cancer rate from the Japanese 
study is also questionable. It assumes that none of the Japanese 
women worked. Accordingly, it is unnecessary to adjuet their 
baseline lung cancer death'rate for workplace expoaure to RTS. 
in fact, between 31% and 34% of Japaneat women worked In paid 
employment durlng*tht time period of the Hirayafa study (25), 
and i5t of Japanese women smoked (26). Therefore, some workplace 
eiposure must have occurred from exposure to the tobacco smoke 
of fellow male and female employees, 

2 Adj vi \ment for work txposoro 

The sensitivity analysis is dependent upon Repace and 
Lowrey's estimate, based on an exposure model, that workplace 
exposure accounts for 80.4% of the total daily average exposure 
to ETS, while home exposure accounts for only 19.6%, However, 
there is no independent supporting evidence for Repace and 
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Lowrey’* estimate on the relative importance of workplace versus 
home exposure from interview data (27) or from epidemiological 
studies. Hone of the four epidemiological studies which 
specifically examine the effect of exposure of women to RTS at 
work finds a statistically significant tnerease in risk 
(15,28-30). 

DISCUSSION AND CONCLUSIONS 

Other than Repace and Lowrey*s phenomenological model, two 
methods are available for eatimatlng the lung cancer risk or 
number of lung cancer deaths among nonsmokers from ETS exposure. 
These methods consist of l) a downward extrapolation from the 
risk for smokers and 2) the population attributable risk (PAR) 
equation (31). 

The linear extrapolation model was developed by Repace and 
Lowrey (3) and has been further refined by Arundel et el (32), 

As shown above, Repace and Lowrey’s linear model does not 
support the results of the phenomenological model. In addition, 
the risk estimate of 0,83 LCD/100,000 nonsmokers, determined by 
Repace and Lowrey from the linear model, Is inaccurate. This if 
because their linear model overestimates the average nonsmoker's 
exposure to ETS and the average current smoker’s lung cancer 
.risk. For example, the latter is estimated by Repace and Lowrey 
after assuming that all lung cancer deaths among ever smokers 
(ex- and current combined) occur only among current smokers. 

TMs results in a significant overestimate of the lung cancer 
risk for current smoker* snd, subsequently, for never smokers. 

The linear model developed by Arundel et al (32) estimates a 
lung cancer risk from ETS exposure for both sexes combined of 
0.022 LCD/100,000, This estimate is based on the equilibrium 
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dose. However, the calculation! by Arundel et al, at do thoae by 
Repace and Lovrey, reit on several assumptions that may not b# 

tenable. 

The large difference In the linear estimates by Repace and 
Lovrey and by Arundel at al illustrates the extensive 
uncertainty which accompanies the results of these types of 
models. Large errors In the risk estimates are poasible in any 
type of mode 1 . Arundel et al provide a "sensitivity calculation* 
which indicates the effect of a 1% change in each parameter of 
the linear model on the final risk estimate. This is useful for 
determining the most Important parameters In the model, but does 
not replace scientifically desirable confidence limits. 

The PAR equation estimates the number of lung cancer deaths 
from us exposure using differences in risk observed In 
epidemiological studies. In this respect It 4* similar to the 
phenomenological model, but the number of lung cancer deaths 
from ets exposure is calculated uaing only three parameter*! the 
exposure rate in the population of interest, the relative rlak 
of exposure, and an estimate of the number of nonsmokeri In 1980 
(obtainable from the 1979/1980 HIS). Therefore, the PAR equation' 
appears to be a remarkably simple method for estimating the 
number of lung cancer deaths among nonsmokers from ETS exposure. 
However, neither the exposure rate nor the relative risk are 
known for the entire population of nonsmokers, The exposure rate 
could be estimated from HIS date on the employment status of 
nonsmokers and the proportion who live vith a smoker. 
Unfortunately, the relative risk cannot be estimated because 
most of the epidemiological studies on this problem only 
calculate risks for a subset of all nonsmokers (married women) 
exposed to a subset of sll possible exposures (spouse's smoke) 
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The relative risk la particularly difficult to obtain 
because the PAR method requires an estimate of the relative risk 
for the iwtrogt regularly exposed nonsmoker compared to the 
«ftragt unexposed nonsmoker. The relative risk must not be 
determined from a subset of the regularly exposed population of 
nonsmokers. Exposure should also be defined as cumulative 
exposure to all sources of ETS. 

An accurate method for estimating the lung cancer risk and 
the number of lung cancer deaths among nonsmokers from ETS 
exposure is of considerable interest. Repace and Lovrey's 
phenomenological estimate of the lung cancer risk for nonsmokers 
from ETS exposure is unstable end inaccurate. The evidence 
presented by Repace and Lovrey to support the plausibility of 
their estimate is based on several errors and unrealistic 
assumptions, without corroborating data from independent 
sources, little confidence can be placed In their results. 

The results of the linear extrapolation model by Arundel et 
al and the results of the best available epidemiological studies 
further Indicate that the phenomenological estimate is in error. 
Both predict an extremely small excess lung cancer risk from ETS 
exposure. Conversely, Repact and Lovrey argue that the 12 
epidemiological studies on ETS exposure support the plausibility 
of a significant excess risk from ETS exposure. However, vith 
one exception (for men exposed at work) (29), the observed risks 
•re statistically significant only when the analysis of exposure 
is limited to a comparison between female never smokers vho are 
currently married to smokers versus married to nonsmokers. 
Exposure may also occur at work or at home from other household 
members and from previous spouses. Therefore, epidemiological 
studies should examine cumulative exposures from all sources. 
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The best available epidemiological analyse*, by Roo et al (28) 
in Hong Kong and Garfinkel et al (30) in the United States, 
examine exposure from all aourcea. Neither find a statistically 
significant increase in risk, Garfinkel et al (30) also 
correlate cumulative exposure* from all sources over the 
previous five or twenty-five years against lung cancer incidence 
and find a negative correlation betvean an Increase in exposure 
and lung cancer. These enalyses of eueiulativs exposures indicate 
that an association between lung cancer among nonsmokera end the 
spouse’s smoking habit aiay be caused by confounding, not by RTS 
exposure. Confounding could occur either frost life-style factors 
and occupational exposures associated with active smoking or by 
unreported active smoking by self-reported nonsmokers (38). 
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The average particulate environmental tobacco smoke (ETS) exposure of never and current smokers 
and the average lung cancer mortality rate for current smokers is estimated from empirical data: These 
estimates are used in a linear downward extrapolation of the lung cancer risk/tog of particulate ETS 
exposure for current smokers to calculate the average lung cancer risk for never smokers and the 
number of never smoker lung cancer deaths (LCD) in the U.S. in 1980 from exposure to particulate 
ETS. The estimated average daily inhaled particulate ETS exposure for never smokers is 0.62 mg/day 
for men and 0.28 mg/day for women. The average never smoker is estimated to retain 1 \% of the 
inhaled exposure, for a daily retained exposure of 0.07 mg for men and 0.03 mg for women. Other 
estimates are: a daily retained exposure for current smokers of 310 mg for men and 249 mg for women, 
a smoking-attributable lung cancer risk for current smokers in 1980 of 284 LCD/100,000 men and 121 
LCD/100,000 women, arnLan annual retained-exposure lung cancer risk for never smokers of 0:6<f 
LCD/100,000 men and 0.015 LCD/100,000 women. These risks and exposures estimate 12 lung cancer 
deaths among never smokers from exposure to particulate ETS: 8 among the 11.96 million male never 
smokers and 4 among the 28.85 million female never smokers in the U.S. in 1980. Conversely, between 
655 and 3,610 never smoker lung cancer deaths are estimated from methods based on the average lung 
cancer risk observed in epidemiological studies of exposure to ETS. Three possible reasons for the 
discrepancy between the exposure and risk-based estimates are discussed: the excess risks observed in 
epidemiological studies are due to bias, the relationship between exposure and risk is‘*apralinear, or 
sidestream tobacco smoke is substantially more carcinogenic than an equivalent exposures main¬ 
stream smoke. 
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Introduction 

Never smokers can be passively exposed to tobacco 
smoke at work, at home, and in public areas such as 
shopping centers and restaurants, particularly if the 
ventilation is poor. Concern over the average never 
smoker’s lung cancer risk from exposure to “environ¬ 
mental! ’ tobacco smoke (ETS) has grown considerably 
since a 1981 study reported an association between 
lung cancer in nonsmokers and marriage to a smoker 
(Hirayama, 1981). Since then, other epidemiological 
studies of the association between lung cancer among 
nonsmokers and ETS exposure from living with a 
smoker have been conducted in Japan (Akiba et al, 
1986), Greece (Trichopoulos et al., 1983), Hong Kong 
(Chan & Fung, 1982; Koo et al, 1985), Sweden (Per- 
shagen et al, 1987), Great Britain (Gillis et al, 1984; 
Lee et al, 1986), and the U.S. (Garfinkel et al, 1981; 
Correa et al., 1983; Buffler et al, 1984; Kabat & Wyn- 
der, 1984; Garfinkel et al., 1985; Dalager et al., 1986; 
Brownson et al., 1987; and Humble et al , 1987)j.The 


■To whom all correspondence should be addressed. 


results of these studies have been used to estimate an 
average excess lung cancer risk for never smokers of 
30 % from ETS exposure (Blot & Fraumeni, 1986; 
NRC, 1986; Wald et al., 1986; Wigle et al, 1987). Al¬ 
ternatively, the risk can be estimated by downward 
extrapolation techniques based on the lung cancer risk 
for current smokers and the average exposure of cur¬ 
rent and never smoker^. The former method is a risk- 
based estimate whereas the latter is an exposure-based 
estimate. 

Linear Extrapolation r 

This study uses linear downward extrapolation to 
estimate the lung cancercrisk and the number of U.S. 
lung cancer deaths for male and female never smokers 
in 1980 from exposure to ETS The final estimate of 
the number of ETS-attributable never smoker lung 
cancer deaths requires four preliminary estimates: 

1. The number of never smokers at risk, 

2. The average tobacco smoke exposure of never 
smokers. 


2023513575 


Source: https://www.industrydocuments.ucsf.edu/docs/szpx0000 
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3. The average tobacco smoke exposure of current 
smokers, and 

4. The smoking-attributable lung cancer risk for cur¬ 
rent smokers. 

The lung cancer risk for never smokers is estimated by 
dividing the lung cancer risk for active smokers by the 
ratio of the average tobacco smoke exposure of smok¬ 
ers and never smokers. The estimated lung cancer risk 
for never smokers is then used to predict the number 
of ETS-attributable never smoker lung cancer deaths 
in the U.S. in 1980. This is done by multiplying the 
estimated lung cancer risk for each sex by an estimate 
of the total U.S. population of never smokers of each 
sex s* 35 years of age. Appendix A lists the equations 
and parameters used in the linear extrapolation estimate. 


Estimating the smokerlnever smoker exposure ratio 
The major difficulty with the extrapolation method 
is to determine the smoker/never smoker exposure 
ratio. Ideally, the exposure ratio is based on carcino- 
genically equivalent exposures, such that one unit of 
exposure for a never smoker has the same lung cancer 
risk as one unit of exposure for an active smoker. 
However, no carcinogenically equivalent measure of 
exposure exists because smokers and never smokers 
inhale different types of tobacco smoke. Smokers 
mostly inhale mainstream smoke produced at tempera¬ 
tures above 600 °C and then drawn through the ciga¬ 
rette and filter, whereas the ETS inhaled by never 
smokers consists mostly of sidestream smoke formed 
between puffs at 350°C and, partly, of exhaled main¬ 
stream smoke. Due to the different combustion tem¬ 
peratures, the amount of specific carcinogens in 
mainstream and sidestream smoke differs. For exam¬ 
ple, measurements of two brands of modern filter ciga¬ 
rettes find that fresh sidestream smoke contains 42 
times more N-nitrosodimethylamine and 1.5 times 
more benzo(a)pyrene, but 15% less catechol (a major 
cocarcinogen (Hecht et al ., 1981)) and 70% less 
N-nitrosonomicotine, by weight, than mainstream 
smoke (Adams et al., 1985). The problem of the rela¬ 
tive carcinogenicity of mainstream and sidestream 
smoke is exacerbated by the possibility of substantial 
differences in the composition of their gaseous and 
particulate phases; however, this has not been studied 
adequately. Overall, the relative carcinogenicity per 
unit weight of mainstream and sidestream smoke is not 
known, though there is some evidence to indicate that 
particulate sidestream smoke is more carcinogenic 
than mainstream smoke. An animal study cited by 
Wynder and Hoffman (1967) finds more skin cancers 
among shaved mice painted with paniculate side- 
stream versus mainstream condensates. A series of four 
Ames mutagenicity assays finds particulate sidestream 
smoke to be over ten times more mutagenic than an 
equivalent amount, by weight, of mainstream smoke in 


one test series, though there is little difference in the 
other three tests (Lofroth & Lazaridis, 1986): 

In the absence of a measure of the carcinogenicity of 
mainstream and sidestream smoke, this study uses the 
current and never smoker’s retained exposure to par¬ 
ticulate ETS to estimate the smoker/never smoker ex¬ 
posure ratio, The exposure estimate adjusts for the 
dilution of sidestream smoke by ambient air. As a first 
approximation^ the carcinogenicity of mainstream and 
sidestream particles is assumed to be equal (the effect 
of assuming a greater carcinogenicity for sidestream 
smoke is discussed later). Exposure to the gas phase of 
mainstream and sidestream smoke is not included be¬ 
cause exposure to the gas phase, without concurrent 
exposure to tobacco smoke particulates, has not been 
found to cause lung cancer (Hoffmann et al., 1978; SG, 
1982); However, it is possible that future research may 
establish a significant carcinogenic role for the gas phase. 

The smoker/never smoker exposure ratio is also 
based on the retained exposure (the amount of particu¬ 
late by weight deposited in the lungs) instead of the 
inhaled exposure. A significant proportion of the latter 
is immediately exhaled and, consequently, has no ef¬ 
fect on carcinogenesis; Hiller et al. (1982) experi¬ 
mentally determine in 11% particulate retention rate 
for never smokers exposed to sidestream smoke. Simi¬ 
lar results have been found for other particulates in the 
size range of sidestream smoke (Davies et all, 1972; 
Heyder, 1982). Conversely, the average active smoker 
retains between 47% and 96% of inhaled mainstream 
smoke, with most estimates falling above 70% 
(Dalhamm, 1968; Hoegg, 1972; Com, 1974; First, 
1984). The higher deposition rate for active smokers is 
thought to result either from deeper inhalation (Muir, 
1974), hygroscopic growth and coagulation (Hiller et 
al., 1982), or from electrical charges in mainstream 
smoke (Stober, 1984). 

ETS exposure and cotinine. Tobacco smoke expo¬ 
sure can also be determined from blood, urine or saliva 
levels of cotinine — a nicotine metabolite. Cotinine 
appears, at first, to be a more accurate measure of 
exposure than retained particles. The latter cam only 
be indirectly estimated for never smokers from expo¬ 
sure to all respirable particles, which include dust, pol¬ 
len, and other aerosols. In contrast, cotinine is an 
accurate and specific indicator of tobacco smoke ex¬ 
posure because it is the only important source of expo¬ 
sure to nicotine. Cotinine also measures dose (the 
amount of a tobacco constituent metabolized by the 
body), whereas an estimate of retained particles only 
measures exposure. Unfortunately, though several 
studies show that cotinine levels in body fluids can 
accurately differentiate between never smokers with 
high, moderate and low ETS exposure (Jarvis et aL ,, 
1984; 1985) or between nonsmokers and current smok¬ 
ers (Wald et all, 1984), cotinine levels in never and 
current smokers are not directly comparable. This is 


Source: https://www.industrydocuments.ucsf.edu/docs/szpx0000 
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Table 1. Estimated number of never, ex, and current smokers > age 35 in il980 imthe U.S.* 


Smoking Status 

Men 

Number 

Percent 

Women 

Number 

Percent 

Total 

Never 

11,960,000 

27.03 

28 ; 846,000 

55.66 

40,806,000 

Ex- 

15,314.000 

34 62 

7,774.000 

15.00 

23,088,000 

Current 

16.965,000' 

38,35 

15,201,000 

29.34 

32,166,000 

Total 

44,239,000. 

100 00i 

51,821,000 

100.00 



•Based on U.S. Census figures for the total male and female population » 35 years of age 
(USDC, 1982) and the percentage of never smokers, ex-smokers and current smokers of all 
races > 35 from the 1979/1980 National Health Interview Survey. 


partly because the half-life of cotinine is substantially 
shorter for current than never smokers (Kyerematene/ 
aL, 1982; Lynch, 1984; Sepkovic et al., 1986), so that 
cotinine levels could underestimate the relative expo¬ 
sure received by the lungs of smokers. However, the 
major problem with using cotinine to determine rela¬ 
tive exposures is due to the occurrence of nicotine in a 
protonated form in the particulate phase of the main¬ 
stream smoke inhaled by smokers but in an unproton- 
ated form in the gas phase of the sidestream smoke 
inhaled by nonsmokers (Eudy et al., 1986; 1ARC, 
1985)i Consequently, cotinine or nicotine levels in 
smokers measure the lung's particulate exposure, 
whereas these levels in nonsmokers largely measure 
nasali and pharyngeal exposure to gas phase con¬ 
stituents with a similar retention rate to that of 
nicotine. The two estimates of exposure are not com¬ 
parable because they differ both by site and type of 
exposure. Nonsmokers should also absorb a higher 
percentage of inhaled nicotine than smokers because 
the unprotonated nicotine of sidestream smoke is ab¬ 
sorbed more rapidly than the protonated nicotine of 
mainstream smoke (1ARC, 1985). 

Data Sources and Assumptions 

Though superficially simple, the calculation of each 
of the four preliminary estimates is based on a large 
number of estimated parameters. These parameters 
are obtained from published data and analyses of the 
1970 (NCHS, 1970) and 1979/1980 National Health. 
Interview Surveys (NCHS, 1981 )i Due to the large 
sample size of the National Health Interview Surveys 
(the 1970 and 1979/1980 NHIS contain smoking data 
for a sample of 74,451 and 37,604 individuals 5* 17 
years of age, respectively), these surveys provide the 
best available estimates of the number of never, ex-, 
and current smokers by occupation, age, and sex (Ta¬ 
ble I). Studies of ambient particulate ETS levels in 
white-collar workplaces in the U.S. are identified from 
the Building Performance Database, an on-line 
database accessible through national data networks 
(Sterling et a}., 1985). Most of the identified studies 
were conducted by the National Institute for Occupa^ 
tional Safety and Health. 


All four preliminary estimates are based on esti¬ 
mated average exposures and risks for never and cur¬ 
rent smokers in 1980. The best exposure-based risk 
estimate would compare cumulative lifetime exposure 
for never and ever smokers, because the lifetime expo¬ 
sure of many ex-smokers exceeds that of current 
smokers. Unfortunately, no cumulative lifetime expo¬ 
sure data for a representative sample of ever and never 
smokers exists. The estimated risk and the number of 
excess lung cancer deaths are given for never smokers 
age 35 and over because almost all lung cancer deaths 
occur in this age group. However, the average expo¬ 
sure is calculated for never smokers > 17 years of age. 
ETS exposure is more frequent among young adults 
(Friedman et al., 1983), and this early exposure could 
latently affect the lung cancer risk. 

In addition to many minor assumptions concerning 
the accuracy and representativeness of the data, the final 
estimate of the number of never smoker lung cancer 
deaths from exposure to particulate ETS is based on 
four major assumptions: 

1. The carcinogenicity of tobacco smokeo depends 
upon exposure to the particulate phase, 

2. The lung cancer risk per unit exposure to maim 
stream and sidestream particulate tobacco smoke is 
the same, 

3. The relationship between risk and each unit of ex¬ 
posure is approximately linear, and 

4. There is no low exposure threshold where the lung 
cancer risk falls to zero; 


Calculation of the Linear Extrapolation Estimate 

The following three sections calculate the average 
particulate ETS exposure for never smokers and cur¬ 
rent smokers as well as the lung cancer risk for current 
smokers. The population of never smokers, estimated; 
from the 1979/1980 National Health Interview Survey, 
is given in Table 1. 

Never Smoker’s Average Particulate ETS Exposure 
Almost all paniculate ETS exposure occurs indoors 


2023513577 
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Table 2. Estimated time budgets (hours/day)* in 1980 in the UlS, 


Location 

Employed 

Women Men 

Housewives 

All 

Women 

All 

Men 

In homes (their own and others) 

16.3 

14.li 

21.3 

18:6 

15.7 

Workplace 

4.7 

6,11 

0.0 

— 

— 

Places of business and other locations 

1.3 

114 

1:5 

1.3 

13 

Restaurants and bars 

0.3 

0.5 

0.1 

0.2 

0:4 

Outside of homes and in transit 

1.4 

H9 

1.1 

_b 

— 


240 

24.0 

24.0 




■The 1965 data from SZalai (1972) are adjusted to account for a 9 % drop in the average hours 
worked between 1965 and 1980 (USDC, 1981), The reduction in work time, 0:6 hours for 
men and 0.5 hours for women, is divided among the time spent in the four other locations. 
*No exposure is assumed for this category. 


because of low indoor ventilation rates and because 
adults spend over 85% of their time indoors (Szalai, 
1972). The average never smoker’s exposure to par¬ 
ticulate ETS depends on I) the average inhalation rate 
and, for each indoor location, 2) the time spent there, 
3) the average particulate ETS level, and 4) the pro¬ 
portion of never smokers exposed. 

1. Inhalation rate 

Data from Altman and Ditmer (1971) indicate an av¬ 
erage inhalation volume of 1.08 m 3 /hour for men and 
0.62 m 3 /hour for women, based on the average volume 
of air inhaled at rest and during light work. 

2. Time spent in five locations 

The results of a 1965 44-city time budget study (Szalai, 
1972) are used to estimate the average daily time spent 
by never smokers in five locations; home, work (in¬ 
cluding time before and after work and during lunch), 
places of business and other locations, restaurants and 
bars, and outside the home and in transit. The time 
spent in restaurants and bars is determined separately, 
because they sometimes have very high ambient par¬ 
ticulate ETS levels. Unfortunately, the original data do 
not permit dividing time into indoor and outdoor 
hours — time spent in both “places of business and 
other locations” and “outside of home and in transit” 
includes indoor and outdoor locations. To simplify 
matters, we assume that all time spent in “places of 
business and other locations'* is indoor time where 
particulate ETS exposure occurs and all time spent 
“outside of home and in transit” is outdoor time with 
no paniculate ETS exposure. 

Table 2 estimates the average time spent in each 
location by employed men, employed women, and 
housewives. The time budget for housewives is used to 
estimate the time budget for all nonemployed men and 
women (“nonemployed” includes individuals actively 
seeking work, homemakers, and retirees). Time spent 
in nonwork locations is adjusted for the proportion of 
nonemployed adults because, according to time budget 
results , housewives spend more time in places of busi¬ 


ness and less time in restaurants and bars than do em¬ 
ployed individuals. The 1979/1980 National Health 
Interview Survey estimates that 19.1% of male and 
49:2% of female never smokers are nonemployed. 
Table 2 also gives the employment-weighted time 
spent in each non work location. 

3. Indoor particulate ETS levels 

Indoor particulate ETS exposure is indirectly esti¬ 
mated from on-site measurements of total or respirable 
suspended particles. This method requires an adjust¬ 
ment for background (nonsmoking-related) particulate 
levels. Background measurements should be taken in¬ 
doors when no one has smoked for scverali hours but 
when all otherconditions are the same as during periods 
of smoking (these criteria are rarely met). If there are no 
indoor background measurements, outdoor measure¬ 
ments are used as a crude estimate of the indoor par¬ 
ticulate level in the absence of smoking. 

Estimated particulate ETS levels in restaurants and 
bars . The average particulate level (unadjusted for 
background levels) in 27 restaurants, bars and 
entertainment facilities is 0.30 mg/m ? (see Table 3). 
The average indoor particulate ETS levek. a&er adjust¬ 
ing for the average background particulate level of 0.04 
mg/m 3 , is 0.26 mg/m 3 . 

Estimated particulate ETS levels in places of business. 
The estimated average particulate ETS level in offices 
(see below) is also used for the time budget category 
“places of business and other locations” (banks, 
shopping centers, etc.). 

Estimated particulate ETS levels in the workplace. 
Workplace particulate levels are available for restau¬ 
rants, bars, offices, and service buildings. It is im¬ 
possible to estimate particulate ETS exposures from 
particulate levels in indoor blue-collar workplaces be¬ 
cause of high background particulate levels from 
industrial activities. The average particulate ETS ex¬ 
posure should be less for blue-collar than white-collar 
never smokers because blue-collar workplaces, com¬ 
pared to offices, are better ventilated in order to re- 


rc 


Source: https://www.industrydocuments.ucsf.edu/docs/szpx0000 
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Table 3. Paniculate levels (mg/m*)iin bars, restaurants and entertainment facilities in the U.S. 


Reference 

Premise 

Measurement 

Type 

# 

Mean 

Background i 
(# measurements); 

Cuddeback et at., 1976 

2 Taverns 

TPM* 

5 

0 445 

(none) 

Elbot & Rowe, 1975 

3 Arenas 

TPM 

19 

0.367 

0:07 (2 indoors) . 

First, 1984 

3 Taverns 

nd* 

nd 

0.543 

(none) i 


3 Restaurants 

nd 

nd 

0.220 

(none): 

Repace &. Lowrey, 1980 

17 Entertainment 

RSP" 

20 

0.243 

0.04 (4 indoors) 


facilities' 








Average:' 

0.30 



Adjusted for background levels:' 

0.26 



■Total paniculate matter. 
k No data given. 

Three bars, seven restaurants, and one each of a lodge, bar and grill, firehouse bingo game, church bingo game, inn, 
bowling alley, and an arena. Active smoking occurred during the time of all measurements. 

^Respirable suspended particles. 

The average is determined by weighting for the number of premises in each study. 

Adjusted for Repace and Lowrey’s (1980) background level of 0.04 mg/m 5 . The background level of Elliot and Rowe 
is not used because it is for arenas which make up only a small proportion of high exposure workplaces. 


duce dust and fume exposure and because smoking is 
prohibited in a higher percentage of blue-collar work¬ 
places (NICSH, 1978). However, we assume that ex¬ 
posed blue-collar workers receive the same particulate 
ETS exposure as white-collar office workers. 

Table 4 summarizes the results of twenty studies of 
particulate levels in office or service buildings in the 
U.S. The mean total and respirable particulate levels 
are 0.08 mg/m 3 and 0.068 mg/m 3 , respectively. The 
overall mean particulate level; ignoring the difference 
between total and respirable particulates, is 0.076 
mg/m 3 . The mean level, limited to twelve studies 
where active smoking was reported to occur during the 
time of measurement, is also 0.076 mg/tn 3 . 

Outdoor background levels, reported by seven 
studies, average 0.053 mg/m 3 and range from 0.01 to 
0.1 mg/m 3 : The indoor background level in the absence 
of active smoking is 0.035 mg/m 3 in two studies of 
offices (Parker et al., 1983; Collett, 1985) and 0.037 
mg/m 3 in one study of an office and two libraries (Re¬ 
pace and Lowrey, 1980). 

The minimum background outdoor paniculate level 
of 0.01 mg/m 3 is used to conservatively estimate the 
indoor particulate ETS level because indoor panicu¬ 
late levels for 13 studies are below the outdoor average 
of 0.053 mg/m 3 while in eight studies the indoor par¬ 
ticulate level is below the indoor background level of 
approximately 0.035 mg/m 3 . Therefore, up to 0.066 
mg/m? (0.076-0.01) of airborne particles in office and 
service buildings could be from tobacco smoke, as¬ 
suming no other indoor sources of particles. 

Estimated particulate ETS levels in residences. Five 
field studies measure the effect of at least one smoker 
on the 24-hour particulate level in residences. Table 5 
shows that one smoker increases the hourly particulate 
level over background levels (homes with no smokers) 


by an average of 0.015 mg/m 3 , while two smokers in¬ 
crease the particulate level by an average of 0.042 
mg/m 3 . The latter average is assumed to represent all 
residences with two or more smokers. 

The average home exposure is weighted by the pro¬ 
portion of never smoking respondents to the 1970 Na¬ 
tional Health Interview Survey who reported living 
with one versus two or more smokers. TTie weighted 
average hourly particulate ETS level in the residences 
of never smokers is approximately 0.02 mg/m 3 for both 
sexes. 

4. Proportion of never smokers exposed in each 
location 

All never smokers are assumed! to be exposed in 
“restaurants and bars” and “places of business and 
other locations.” The proportion exposed at work is 
estimated from the occupational distribution of never 
smokers while the proportion exposed at home is esti¬ 
mated from the proportion of never smokers who re¬ 
port living with a current smoker (spouse, relative, 
friend, etc.). 

Proportion of never smokers exposed at work. Table 
6 gives the 1979/1980 National Health Interview Sur¬ 
vey employment distribution of never smokers age 17 
and older. Occupations are grouped by the likelihood 
of particulate ETS exposure. Students are categorized 
as working in indoor white-collar environments, while 
blue-collar workers are separated into outdoor and in¬ 
door workers. All white-collar, indoor blue-collar, and 
restaurant and bar employees are assumed to be ex¬ 
posed to particulate ETS at work, while nonemployed 
individuals and outdoor workers are assumed to re¬ 
ceive no workplace exposure. In total, 66.7% of all 
male and 49.3% of all female never smokers are esti¬ 
mated to be exposed to particulate ETS at work. 
Proportion of never smokers exposed at home. The 


Source: https://www.industrydocuments.ucsf.edu/docs/szpx0000 
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TabUr 4. Paniculate levels (mg/m?) in white-collar workplaces in the U S. 


Reference 

Use 

Building 

Smoking* 

Employees* 1 

Measurement 

Type # Length 

Date 

Mean 

Blake ei ah, 1981 

Store 

nd 

nd 

TPM 

10 

nd 

Nov/79 

0.019 

Chrostek. 1979 

Office 

nd 

30 

RSP 

1 

7 hr 

May/79 

0.030 

Chrostek & Moshelll 

Office 

nd 

100 

TPM 

5 

8 hr 

Aug/81 

0.120 

1982 









Collett. 1985 

Office 

Y 

6 d 

RSP 

8 

40 min 

Jul/85 

0.050 

Cornwellr/ at .. 1981 

Office 

Y 

>100 

RSP 

28 

2 min 

Nov/80 

0.048 

Gorman, 1980 

Office 

nd 

6 

TPM 

nd 

nd 

Jul/80 

0.1 If 

Gunter & Thobum, 

Office 

nd' 

nd 

TPM‘ 

7 

6.5 hr 

Nov/84 

0.164 

1985 









Hicks, 1981a 

Office 

Y 

nd 

nd 

3 

nd 

Mar/80 

0.047 

Hicks, 1981b 

Office 

nd 

40 

TPM 

2 

6 hr 

Dec/80 

0.055 

Hodgson & Morley, 

Office 

nd 

41 

RSP 

3 

nd 

Mar/83 

0.025 

1983 









HoUett. 1979 

Office 

nd 

nd 

TPM 

21 

nd 

Jul/79 

0.143* 

Moschandreas et ah. 

Office 

Y 

150 

TPM 

3 

24 hr 

nd 

0.030 1 

1980 

Office 

Y 

100 

TPM 

3 

24 hr 

nd 

0.038' 

Neal e/ o/.. 1978 

Hospital 

Y 

nd 

TPM 

41 

48/hr 

Aug-Feb 

0.030 

Parker etah, 1983 

Office 

Y 

100 

TPM 

2 

8 hr 

Feb/83 

0.032 


Office 

Y 

16 

TPM 

3 

8 hr 

Feb/83 

0.094 

Repace & Lowrey, 

Hospital 

Y 

nd 

RSP 

1 

12 min 

Mar 

0.187 

1980 

waiting 









room 








Salisbury, 1979 

Stock 

Y 

nd 

TPM 

3 

5 hr 

Oct/78 

0.287 


Exchange 








Salisbury et at., 1982 

Office 

Y 

500 

TPM 

8 

6 hr 

Mar/81 

0.038 

Tharr, 1980 

Office 

nd 

100 

TPM 

2 

7 hr 

Jun/80 1 

0.060 

Thompson er a/., 1973 

2 stores 

nd 

nd 

TPM 

nd 

nd 

Nov/71 

0.083 

Turielrr ah. 1981 

Office 

Y 

nd 

TPM 

nd 

12 hr 

nd 

0.031 








Average: 

0.076 




Adjusted for Background Level (see text)]: 


0.066 


•Active smoking while particulate levels were sampled. 

“•On the floods) where measurements taken. 

'Respirable suspended particles. 

d In immediate area of sampler, two of the six staff were smokers. 
•Close to office copier. 

'No data given. 

•Total particulate matter. 

•Major construction site across the street 

'Based on 24 hour sample. Maximum recorded 0.057 mg/m?. 

'Based on 24 hour sample. Maximum recorded 0.130 mg/m 5 . 


Table 5. Effect of smoking on 24-hour respirable suspended particle (RSP) levels (mg/m*) in residences 

in the U S. 



Mean RSP Level in Homes with 

Increase due to 

Reference 

No Smokers 

1 Smoker 

2 Smokers 

1 Smoker 

2 Smokers 

Spengler et all. 1981 

0.024 

0.037 

0.052 

0.012 

0.027 

EPRI, 1984 

0.024 

0.043 

0.075 

0.019 

0.051 

Hosein & Corey, 1986 - 

0.038 

0.053 

0.080 

0 015 

0.042 

Lebowitz et ah, 1984 

0.018 

0.033* 

— 

0.015 

— 

Spengler et all, 1985 

0.028 


0.074* 

Average: 

0 015 

0.046 

0.042 


•Average of reported winter and summer means. 

•Number of resident smokers not given in reference. The results have been assigned to the most probable 
category , on the basis of the results of the other studies. 


Source: https://www.industrydocuments.ucsf.edu/docs/szpxOOOO 
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Table 6. 1979/1980 National Health Interview Survey estimate of the 
occupational distribution of never smokers * age 17 in the U.S. 


Occupation 

Men (%) 

Women {%) 

Indoor white-collart 

43.3 

41.0 

Indoor blue-collkrP 

21.6 

6.2 

Restaurants and bars' 

ll8 

2.1 

Outdoor workers* 1 

14.2 

1.5 

Not employed' 

19.1 

49.2 


100.0 

100.0 


•Includes students and professional; managerial, technical, clerical 
and service occupations. 

b lncludes industrial and warehousing occupations. 

Includes waiters and waitresses, entertainers, bartenders, busboys, 
recreation and amusement attendants, pub and food service work¬ 
ers. 

‘Includes construction, agriculture, forestry and fishing occupa¬ 
tions. 

'Includes retired, homemakers and unemployed. 

1970 National Health Interview Survey estimates that 
29.6% of male and 35.7% of female never smokers age 
17 and over live with a current smoker. Since the 
1979/1980 National Health Interview Survey does not 
include smoking information for all household mem¬ 
bers, it cannot be used for this purpose. However, 
using data for 1970 should overestimate the proportion 
of never smokers exposed at home in 1980 because the 
number of active smokers has declined 6% for men and 


2% for women between 1970 and 1980 (Weinkam & 
Sterling, 1987). 

Estimated particulate ETS exposure 

Table 7 summarizes the average never smoker's in¬ 
halation exposure to paniculate ETS. The average 
daily inhaled paniculate ETS exposure is 0.62 mg for 
malt and 0.28 mg for female never smokers The daily 
retained paniculate ETS exposure, based on an 11% 
retention rate, is 0.07 mg for male and 0.03 mg for 
female never smokers. 

Current Smoker s Average Exposure 

The average smoker's daily exposure to particulate 
tobacco smoke is assumed to equal the average 
number of cigarettes per day consumed multiplied by 
the average tar delivery per cigarette. For simplicity, 
the current smoker's paniculate ETS exposure is not 
included because it is only a small fraction of the cur¬ 
rent smoker's total paniculate tobacco smoke expo¬ 
sure. An average consumption of 29.3 cigarettes per 
day for current smokers is calculated by dividing the 
1979/1980 average of 626J billion cigarettes sold in the 
U.S. (Maxwell, 1981) by the 1979/1980 National 
Health Interview Survey estimate of 58.5 million cur¬ 
rent smokers age 17 and over. The average of 29.3 
cigarettes per day is used for both sexes because there 
is little difference in the 1979/1980 National Health 


Table 7. Estimate of the average never smoker's inhalation exposure of particulate environmental tobacco smoke (ETS) 

(mg/day) in 1980 mthe U.S. 


Location 

Respiration 

Rate/hour 

Ambient 
ETS mg/m 3 

Hours of 
Exposure 

Proportion 

Exposed' 

Weighted 

Exposure 

Men 

Home 

1.08 

0.02 

15.7 

0.296 

0.100' 

Rest/Bar* 

1.08 

0.26 

04 

1.000 

0.112 

Other 6 

1.08 

0.066 

1.3 

1.000 

0.093 

Work 

White-collar 

1.08 

0.066 

6 1 

0.433 

0.188 

Blue-collar 

1.08 

0.066 

6.1 

0.216 

0.094 

Rest/Bar 

1.08 

0.26 

6.1 

0.018 

0.031 

No Workplace Exposure' 

— 

— 

— 

0.333 

0.000 

Total 0.62 

Women 

Home 

0.62 

0.02 

18.6 

0j357 

0.082 

Rest/Bar 

0.62 

0j26 

0.2 

1.000 

0.032 

Other 

0.62 

0.066 

1.5 

1.000 

0.061 

Work 

White-collar 

0.62 

0.066 

4.7 

0:410 

0.079 

Blue-collar 

0.62 

0066 

4.7 

0:062 

0.012 

Rest/Bar 

0.62 

0.27 

4.7 

0.021 

0.016 

No Workplace Exposure 




0:501 

0.000 

Total 0.28 


•Restaurants and bars. 

b Places of business and other locations. 

'Unemployed, reiired, homemakers, and outdoor workers. 


Source: https://www.industrydocuments.ucsf.edu/docs/szpx0000 


2023513581 



Never Smoker lun$ cancer risks to ETS 


417 


The average lung cancer risk for all current versus 
all ex-smokers is 2.26, based on a risk of 1.67 in the 
American Cancer Society study and 2.85 in the Veter¬ 
ans study. The average ratio of 2.26, combined with 
the 1979/1980 National Health Interview Survey esti¬ 
mates of the number of current and ex-smokers, pre¬ 
dicts 20,517 malt and 4,410 female ex-smoker lung 
cancer deaths. 

The difference in the risks for ex-smokers compared 
to current smokers in the two studies is probably due 
to the higher percentage of long-term ex-smokers, with 
lower lung cancer rates than short-term ex-smokers, in 
the Veterans study. All ex-smokers in the Veterans 
study had not smoked for a minimum of twelve years 
compared to a minimum of 34 months for ex-smokers 
in the American Cancer Society study. The American 
Cancer Society results may be more appropriate here 
because the National Health Interview Survey esti¬ 
mate of the number of ex-smokers includes both short 
and long-term ex-smokers. 

Current smoker lung cancer deaths not attributable to 
smoking 

The number of non smoking-attributable current 
smoker lung cancer deaths is estimated by assuming 
that smokers would experience the mortality rates of 
the National Morality Followback Survey never 
smokers if they did not smoke. These mortality rates, 
applied to the 1979/1980 National Health Interview 
Survey estimate of the sex and age-specific population 
of current smokers, estimate 3,111 male and 1,094 
female lung cancer deaths. 

Smoking attributable lung cancer risk for current 
smokers 

The number of smoking-attributable lung cancers 
deaths among male current smokers over 35 is 48,255, 
obtained from subtracting 3,479 never smoker, 20,517 
ex-smoker, and 3,111 non smoking-attributable lung 
cancer deaths among current smokers from the 1980 
total of 75,362 male lung cancer deaths. The same 
method estimates 18,3^4 smoking-attributable lung, 
cancer deaths among female current smokers over 35 
in 1980. Given 16.965 million male and 15.201 million 
female current smokers over 35 in 1980, this estimates 
a smoking-attributable lung cancer risk of 284 lung 
cancer deaths (LCDyi 00,000 male and 121 
LCD/ 100,000 female current smokers over age 35. Re¬ 
pace and Lowrey (1985) estimate a rate of 316 
LCD/100,000 male or female smokers for use in their 
linear extrapolation estimate. However, they assume 
that all smoking-attributable lung cancer deaths occur 
among current smokers only (no deaths among ex- 
smokers), they do not adjust for occupational or other 
causes of lung cancer among smokers, and they in¬ 
clude cancers of the larynx and other non-lung sites. 


Lung Cancer Risk for Never Smokers From 
Particulate ETS Exposure 

The estimated daily retained exposure is 310 mg for 
male and 249 mg for female current smokers and 0.07 
mg for male and 0.03 mg for female never smokers. 
The male smoker’s retained exposure is 4,429 times 
greater than the average male never smoker’s retained 
exposure. Given a smoking-attributable lung cancer 
death rate for malt current smokers of 284 
LCD/100,000, the average male never smoker’s lung 
cancer risk is 0.064 LCD/100,000, which predicts ap¬ 
proximately 8 lung cancer deaths from exposure to 
particulate ETS among the 11.96 million male never 
smokers in 1980. The same method estimates a risk of 
0.015 LCD/100,000 female never smokers, which pre¬ 
dicts 4 lung cancer deaths from exposure to particulate 
ETS among the 28.85 million female never smokers in 
1980. 

Reliability of the Estimate 

The linear extrapolation estimate of 12 never smoker 
lung cancer deaths in 1980 from exposure to particu¬ 
late ETS is based on a large number of unverifiable 
assumptions and parameter estimates. Due to the large 
number of assumptions, it is neither meaningful nor 
possible to calculate upper and lower confidence lim¬ 
its. However, the reliability of each of the four pre¬ 
liminary estimates is assessed below. Evidence indi¬ 
cates that several of the preliminary estimates are 
more likely to result in an overestimate rather than an 
underestimate of the true number of never smoker lung 
cancer deaths. However, a plausible upper estimate is 
calculated for three of the four preliminary estimates. 
These upper estimates are used to calculate a 
maximum final estimate, given the major assumptions 
of the linear extrapolation methodi 

Number of Never Smokers 

The final estimate of the number of never smoker 
lung cancer deaths increases if the estimated number 
of never smokers increases. The present estimate of 
11.96 million male and 28.85 million female never 
smokers is based on self-reported smoking status, and 
is probably an overestimate of the number of never 
smokers. Two-stage interview studies show that ap¬ 
proximately 5% of self reported never smokers are 
actually ex- or current smokers (NRC, 1986). For this 
reason, the estimated number of never smokers is not 
increased when calculating the upper estimate. 

Never Smoker s Average Exposure 

The estimated number of never smoker lung cancer 
deaths increases if the average never smoker’s expo¬ 
sure increases. Several factors suggest that our esti¬ 
mated exposure overestimates the true exposure. For 
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example, many of the measurements of total or respir¬ 
able particles are for workplaces which probably had 
higher than average particulate ETS levels. Most 
buildings in the Building Performance Database were 
studied in response to occupant complaints about 
“building illhess” or poor indoor air quality. Even 
though tobacco smoke may not be an important factor 
in building illhess (Sterling ex al., 1987), it could affect 
the occupants’ perception of the air quality and lead to 
more complaints in buildings with high versus low 
particulate ETS levels. In addition, all indoor blue- and 
white-collar workers are assumed to be exposed to 
particulate ETS at work, even' though smoking is 
prohibited in 11% of white- and 28% of blue-collar 
workplaces (NICSH, 1978). Interview studies also 
show lower workplace exposure rates than the esti¬ 
mated rate of 66.7% for male and 49.3% for female 
never smokers. For example, only 29.4% of the control 
group of female never smokers in a case-control study 
report workplace exposure during the past 25 years 
(Garfmkel etaL, 1985), In a 1979/1980 questionnaire 
survey of 37,881 never smokers, only 40.4% of both 
sexes combined reported ETS exposure in “small 
spaces” such as at work (Friedman et aL, 1983). 

Two field studies contain enough information to cal¬ 
culate the average inhaled particulate ETS exposure 
for men. Both of these studies estimate average par¬ 
ticulate ETS exposures that are within six percent of 
the comparable estimates given in Table 7. The studies 
use personalimonitors, carried by subjects for several 
days, to determine average exposures to respirable 
suspended particles. The difference between the aver¬ 
age personal and background (outdoor) exposures to 
respirable suspended panicles in a study of 48 sub¬ 
jects, none of whom live with a smoker, is 0.019 mg/m a 
(Sexton et al., 1984). If paniculate ETS accounts for 
all of the difference in respirable suspended panicles, 
then the average 24-hour paniculate ETS exposure at a 
male respiration rate of 1.08 m 3 /hour, is 0.49 mg/day. 
For comparison, our estimate of the average daily in¬ 
haled exposure of male never smokers with no home 
exposure is 0.52 mg/day (see Table 7). Spengler et al. 
(1985.) determine personal exposures to respirable sus¬ 
pended panicles for 101 volunteers in two industrial 
towns in Tennessee. The difference between the aver¬ 
age personal exposure and the background (outdoor) 
level is 0.024 mg/m 3 . This predicts an average daily 
paniculate ETS exposure of 0.62 mg/day, which is 
identical to our estimate for men. 

Repace and> Lowrey (1985) estimate an average in¬ 
haled exposure for either sex of 1.43 mg/day, based on 
modeling indoor smoking, occupancy, and ventilation 
rates, which is 3.18 times the average of our esti¬ 
mates for men and' wornem There are several possi¬ 
ble causes for the difference. For example. Repace 
and Lowrey assume that all never smokers are ac¬ 
tively employed and, therefore, possibly exposed at 


work. In contrast, the 1979/1980 National Health 
Interview Survey estimates that approximately 40% of 
all never smokers are not employed. Furthermore, 
Repace and Lowrey calculate the average ambient 
ETS level in the workplace from the average of mod¬ 
eled levels in low-exposure and high-exposure work-' 
places. Their model estimates an ambient paniculate 
level (from tobacco smoke alone) of 0.17 mg/m 3 for 
low-exposure workplaces such as offices and: of 0.42 
mg/m 3 for high-exposure workplaces. The paniculate 
level for the latter is representative of measured levels 
in very smoky workplaces such as taverns, bars, and 
dance halls. The average for the two types of work¬ 
places is 0.30 mg/m 3 , which is higher than all of the 
measured levels for white-collar workplaces (see Table 
4) and higher than the average for restaurants, bars and 
other entertainment facilities (see Table 5). It may not 
be appropriate to average the estimate for low and 
high-exposure workplaces, because the 1979/1980 Na¬ 
tional Health Interview Survey estimates that approx¬ 
imately twenty times as many never smokers work in 
low-exposure workplaces such as offices than in high- 
exposure workplaces such as bars and taverns. 

There is no plausible average upper estimate for the 
inhaled exposure which is substantially greater than 
the estimates given in Table 7, which is also based on 
field measurements of ambient particulate levels. 
However, an arbitrary upper estimate can be made by 
doubling the previous estimates. Thus, the upper in¬ 
haled estimates are 1.24 mg/day for male and 0.56 
mg/day for female never smokers. These give average 
retained exposures of 0.14 mg/day for male and; 0.06 
mg/day for female never smokers. 

Current Smoker’s Average Exposure 

The estimated number of never smoker lung cancer 
deaths increases if the average smoker’s true expo¬ 
sure, derived from the average tar delivery per ciga¬ 
rette multiplied by the average cigarette consumption, 
is less than estimated. 

The average tar delivery per cigarette is based on 
machine smoked deliveries. The machine smoking 
standard of one two-second 35 ml puff/minute was es¬ 
tablished over 30 years ago to reflect the smoking 
habits of that time. Since then, several studies indicate 
that smokers partially compensate for a decline in the 
nicotine delivery per cigarette by smoking each ciga¬ 
rette more intensely (Ashton et aL, 1979; Heming et 
al 1981; Hill & Marquardt, 1980; Russell era/., 1975). 
This is done by increasing the average puff frequency 
and/or volume or by inhaling more deeply. The prob¬ 
able increase in the intensity with which cigarettes are 
smoked indicates that the estimated exposure for cur¬ 
rent smokers is more likely to underestimate than 
overestimate the true exposure. 

Conversely, the average consumption of 29:3 ciga- 


1 
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rettes per day is based on sales data for the number of 
cigarettes sold in 1980 divided by the 1979/1980 Na¬ 
tional Health Interview Survey estimate of the number 
of current smokers. Estimates based on interviews 
with current smokers are not used because smokers 
significantly underreport their cigarette consumption 
(Todd, 1978). However, the estimate of 29.3 cigarettes 
per day may be too high because the 1979/1980 Na¬ 
tional Health Interview Survey excludes smokers 
under age 17 and because some of the self-reported 
never and ex-smokers should be current smokers 
(NRC, 1986)i If the probable increase in smoking in¬ 
tensity is ignored, an increase in the estimated number 
of current smokers by 10% (to account for smokers 
under age 17 and misclassified never smokers) de¬ 
creases the average daily retained exposure from 310 
mg to 283 mg for male and from 249 to 228 mg for 
female current smokers. This is further decreased to 
166 mg for male current smokers and to 134 mg for 
female current smokers by using the lowest experi¬ 
mentally determined particulate retention rate of 47% 
(First, 1984) instead of an 80% retention rate. 

Current Smoker s Average Lung Cancer Rate 

The estimated number of never smoker lung cancer 
deaths increases if the lung cancer risk for current 
smokers increases. This occurs if the estimated 
number of lung cancer deaths decreases among (1) ex- 
smokers, (2) never smokers, and (3) current smokers 
w'ho die from causes other than smoking. This is calcu¬ 
lated for the latter two groups by using the American 
Cancer Society never smoker lung cancer death rates 
(Garfmkel, 1981) instead of the rates from the National 
Mortality Followback Survey. The American Cancer 
Society rates were not used before because they are 
for an unrepresentative group of mostly middle-class 
individuals (Hammond & Seidman, 1980), whereas the 
National Mortality Followback Survey rates are based 
on a representative sample of all never smoker lung 
cancer deaths. The number of ex-smoker lung cancer 
deaths is minimized if the ex-smoker/smoker mortality 
ratio from the Veterans study (Rogot & Murray, 1980) 
is used instead of the average for the American Cancer 
Society and Veterans studies combined. 

These three changes increase the estimated number 
of current smoker lung cancer deaths from 48,255 to 
55,902 male deaths and from 18,394 to 19,954 female 
deaths. However, this only slightly alters the lung 
cancer risk because the revised estimate of the average 
smoker's exposure depends upon increasing the 
number of smokers by 10%. Given a 10% increase in 
smokers, the lung cancer rate increases 5,6% to 300 
LCD/100,000 male never smokers, but falls 1.7% to 
119 LCD/100,000 female never smokers. 

The lung cancer death rate for female current smok¬ 
ers is substantially less than the rate for male current 


smokers. The difference could partly be caused by 
women inhaling less deeply than men or by smoking 
lower tar cigarettes. Alternatively, the lower mortality 
rate for women could reflect a shorter latency period 
because women, on average, took up smoking at a later 
date than men. An upper estimate of the lung cancer 
death rate for female smokers can be adjusted for this by 
assuming that the risk/mg of exposure for women is 
equal to the risk/mg of exposure for men. This esti- 
mates a risk of 242 LCD/100,000 female smokers. 

Upper Risk Estimate 

The upper estimate is 62 lung cancer deaths among 
never smokers as a result of exposure to particulate 
ETS. This is based on a lung cancer death rate of 300 
LCD/100,000 male and 242 LCD/100,000 female cur¬ 
rent smokers, an average retained exposure of 166 
mg/day for male and 134 mg/day for female current 
smokers, and a retained exposure of 0.14 mg/day for 
male and 0.06 mg/day for female never smokers. 

Comparison with Other Estimates 

The linear extrapolation estimate of 12 deaths, or the 
upper linear extrapolation estimate of 62 never smoker 
lung cancer deaths, is substantially less than five alter¬ 
native estimates, ranging from 265 to 3,610 lung cancer 
deaths, given in Table 9. All of the alternative esti¬ 
mates use the National Health Interview- Survey esti¬ 
mate of the number of never smokers ^ 35 years of 
age. Three of the alternatives are risk-based estimates 
derived from the results of epidemiological studies: 
one from the difference in lung cancer mortality rates 
between Seventh-Day-Adventists and other never 
smokers (termed a phenomenological estimate by the 
authors^ and the other two apply average geometric 
mean lung cancer risks observed in epidemiological 
studies to the population-attributable risk equation 
(Cole & MacMahon, 1971). The two remaining esti¬ 
mates are exposure-based estimates derived from 
smoker/never smoker exposure ratios and linear ex¬ 
trapolation; 

To a certain extent, differences among the various 
estimates are expected because each type of estimate 
(for example, linear extrapolation' or population- 
attributable risk methods) requires different assump¬ 
tions and all estimates are only crude approximations 
without confidence limits. However, even if the confi¬ 
dence limits for all estimates include alf other esti¬ 
mates, this does not explain the 22- to 301-fold differ¬ 
ence between the linear extrapolation estimate of 12 
lung cancer deaths and the other estimates. 

The previous discussion shows that the substantial 
difference between Our estimates and the’alternative 
estimates cannot be adequately explained by errors in 
our estimates of the number of never smokers, the 
average exposure for current and never smokers, or 
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Table 9. Alternative estimates of the number of ETS-attributable never smoker lung cancer deaths (LCD) 
(both sexes combined) in 1980 in the U.S. 


Method 

Description 

Estimated 

LCDs 

Phenomenological 

Repace and Lowrey’s (1985) sex and age-specific difference in 
LCD rates between Seventh-Day-Adventist (SDA) and non- 
SDA never smokers is applied to the 1979/1980 National 

Health Interview Survey estimate of the U.S. population of 
never smokers by sex and age (Arundel et ah. I986)j 

3,610 

Linear Extrapolation 
Based on ETS Exposure 

' '-Repacc and Lowrey’s (1985) estimate of 555 nonsmoker (never 
and ex-smokers combined) LCDs is adjusted for the National 
Health Interview Survey estimate of the percentage (63.87%) 
of nonsmokers that are never smokers. 

354 

Linear Extrapolation 
Based on Cotinine Ratios 

The estimated smoking-attributable LCD rate for current 
smokers of 284 LCD/100,000 men and 121 LCD/100,000 
women is divided by the ratio of the weighted average urine 
cotinine level of 1483.7 ng/ml for smokers and 5.72 ng/ml for 
never smokers in four studies (Williams et at., 1979; 
Kyerematen era/.. 1982; Jarvis eta!.. 1984; Wald et at., 1984). 

265 

Population Attributable Risk (PAJO Estimates* 


RR is 1.35 

tfttis Wald’s et at i. (1986) estimate of the geometric mean risk 
observed in 13 epidemiological studies from six countries. The 
risk is 1.53 for never smokers living with smokers and 1.18 for 
never smokers not living with smokers, after adjustment for 
the mis classification of 7% of ever smokers as never smokers 
and a relative difference in ETS exposure of 3.0 (Wald & 
Ritchie, 1984) for the two groups of never smokers, p is 0.249 
for male and 0.505 for female never smokers (see text). The 
average PAR is 0.21 for male and 0.26 for female never 
smokers. 

1.852 

RR is L14 

RR is the geometric mean risk observed in 5 epidemiological 
studies from the U.S. only (NRC, 1986) The risk is L16 for 
never smokers living with a smoker and 1:03 for never smokers 
living with never smokers after adjustment for a 
misclassification rate of 6%, a risk for misclassified ever 
smokers of 2.0 and a threefold exposure difference for the two 
groups of never smokers, p is 0.249 for male and 0.505 for 
female never smokers. The average PAR is 0.072 for malt and 

0 094 for female never smokers. 

655 

The adjusted PAR equation (Eq. 5* p. 292, NRC, 1986) equals: 





where p\ is the proportion of never smokers who live with an ever smoker, RR \ is the risk for never smokers 
who live with an ever smoker and RR t is the risk for never smokers who live with never smokers. The PAR x 
N, the total number of never smoker LCDs in 1980 (3,479 male, 4,312 female (Table 8)), gives the estimated 
number of never smoker lung cancer deaths from ETS exposure. The estimates are calculated for each sex 
and then summed. 


the lung cancer risk for current smokers. On the con¬ 
trary, there is also evidence to indicate that the esti¬ 
mate of 12 lung cancer deaths is too high. The differ¬ 
ence cannot be due to an error in the estimated number 
of never smokers because all estimates are based on 
the National Health Interview Survey estimate of the 
population of never smokers » 35 years of age. There 
are two possible explanations for the difference: either 
the alternative estimates given in Table 9 overestimate 
the true risk, or there are major problems with one or 


more of the four major assumptions underlying the 
linear extrapolation estimate, which causes it to under¬ 
estimate the true risk. 

Alternative Estimates 

Several features of the two alternative linear esti¬ 
mates indicate that they could overestimate the true 
risk. The estimate based on cotinine ratios assumes 
that cotinine levels in the blood or urine of smokers 
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and nonsmokers measure comparable exposures. As 
discussed earlier, this assumption is probably not 
valid Cotinine in smokers measures the lung’s expo¬ 
sure to particulate tobacco smoke, whereas cotinine in 
nonsmokers measures nasal and pharyngeal exposure 
to the gas phase. Neither the site nor type of exposure 
is comparable. Repace and Lowrey’s (1985) linear ex¬ 
trapolation estimate could also overestimate the true 
risk from ETS exposure because it appears to overes¬ 
timate both the never smoker’s average exposure and 
the average smoker’s lung cancer risk. The method 
also uses the inhaled exposure instead of the retained 
exposure. 

The alternative risk-based estimates depend on 
epidemiological estimates of the lung cancer risk from 
ETS exposure. The phenomenological estimate is 
based on a risk of 1.73 for male and 2.54 for female 
never smokers, calculated from the difference in lung 
cancer mortality rates for Seventh-Day-Adventist 
nonsmokers and another group of nonsmokers. The 
method assumes that the Seventh^Day-Adventists re¬ 
ceived less exposure to ETS than the other group of 
nonsmokers. However, the mortality rates for the 
Seventh*Day-Adventists are based on only 15 female 
and 10 male deaths. Consequently, these rates are un¬ 
stable, with large fluctuations in the death rates instead 
of a consistent increase with each successive age 
group. These fluctuations could lead to an overesti¬ 
mate of the lung cancer risk from ETS exposure 
(Arundel et aL , 1986). 

The population-attributable risk estimates are based 
on only three parameters: the geometric mean lung 
cancer risk from ETS exposure, the proportion of 
never smokers exposed to ETS, and the number of 
never smokers at risk. The difference between the 
population-attributable risk and Linear estimates can¬ 
not be attributed to errors in the estimated value of the 
number of never smokers at risk because this param¬ 
eter is also used in the linear estimate. Both methods 
also assume that all never smokers are exposed to 
ETS, though the population-attributable risk method 
calculates separate risks for the proportion of never 
smokers exposed to ETS at home and the proportion 
not exposed at home. These proportions are derived 
from the 1970 National Health Interview Survey esti¬ 
mate that 24.9% of male and 50.5% of female never 
smokers age 35 and over live with a current or former 
smoker. 

The population-attributable risk method, based on a 
geometric mean risk of 1.35 from 13 epidemiological 
studies, estimates 1,852 lung cancer deaths in 1980 
among never smokers from exposure to ETS. The 
method is similar to that used by Robins (1986). Ro¬ 
bins’ method estimates 1,807 lung cancer deaths in 
1980 among never smokers of both sexes from ETS 
exposure. 

The difference in the linear and population- 


attributablfe risk estimates could occur if all estimates 
of the geometric mean risk overestimate the true risk. 
Lee (1986) has shown that the misclassification of ever 
smokers as never smokers couldi result in an overesti¬ 
mate of the geometric mean risk. However, the 
popuiation-attributablfe risk estimates are adjusted for 
misclassification, though the misclassification rate and 
the lung cancer risk for misclassified ever smokers is 
only.crudely estimated. The geometric mean risk could 
also be biased by response or recall bias in the case- 
control studies on which it is based or by differences in 
the age distribution of lung cancer cases in the 
epidemiological studies and the age distribution of 
never smokers in the U.S. Furthermore, the geometric 
mean risk is a crude risk; it is not adjusted for age or 
any othetc.possible or established risk factor for lung 
cancer suchas occupation, socioeconomic status, or 
diet. The lack of adjustment for other risk factors 
could bias the geometric mean risk either upwards or 
downwards. 


Assumptions of the Linear Estimate 

Three of the four major assumptions of the linear 
extrapolation estimate can provide a plausible expla¬ 
nation of the difference between our estimate and the 
population-attributable risk estimates. The assumption 
of no low threshold, where the risk falls to zero, is 
irrelevant. The second assumption is that the dose- 
response relationship is linear. The difference between 
the estimates can be explained if the true dose- 
response relationship is nonlinear and convex, such 
that one unit of exposure at low doses is substantially 
more carcinogenic than one unit of exposure at high 
doses. However, most dose-response studies of chem¬ 
ical carcinogens have found sublinear or ‘’hockey 
stick” shaped relationships between exposure and risk 
in which one unit of exposure at low doses results in a 
smaller increase in risk than one unit of exposure at 
high doses (Hoele/ aL, 1983): The linear assumption is 
usually recommended as a conservative estimate of 
risk because it is believed to err towards overestimat¬ 
ing the true risk (Andersom 1983). 

The best fitting equation for the lung cancer death 
rate per unit of exposure in a 1951^1971 cohort study 
of 34,440 British doctors is nonlinear and equal to 0.26 
(dose+6)*, where dose is the average number of 
British cigarettes smoked at the time of the study (Doll 
& Peto, 1978). This equation indicates that the linear 
assumption overestimates the risk from ETS expo¬ 
sure. For example, the sales-weighted average British 
cigarette between 1951 and 1971 delivered 29.9 mg of 
particulate tobacco smoke to the smoker (Wald et aL, 
1981). An average inhaled exposure for male never 
smokers of 0.62 mg/day of particulate ETS (equivalent 
to 0.02 British cigarettes) results in an annual excess 
inhaled-exposure risk of 0.06 LCD/100,000 never 
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Table 10. Relative particulate tobacco smoke exposure for current and never 
smokers in 1955, 1968 and 1980 



1955 

1968 

1980 

Proportion of population that smoke* 

0.376 

0.386 

0.345 

Tobacco weight of an average cigarette 

1.12 

0.95 

0.80 

(grams) b 

Tar (including nicotine) delivery per 

40.1 

23.1 

14.2 

cigarette (mg) c 

Cigarettesyday (CPD) smoked by the 

26.2 

29.7 

29.3 

average smokeif 

Never smoker's exposure index* 

11.0 

10.9 

8.1 

Smoker’s daily exposure (mg) f 

1050.6 

686.1 

416.1 

Ratio of smoker’s exposure/never smoker’s 

95.5 

62.9 

51.4 

exposure index 


*1955: > age 18 (SG, 1979), 1968: > 17 (SG, 1979), 1980: * 17 (1979/1980 National 
Health Interview Survey). 

“(USDA. 1985): 

'1955 and 1968 (SG, 1981), 1980 (Tobacco Inst., 1981). 

Tor 1955 and 1968, equals per capita (» 18) number of cigarettes sold (Table 1-1, 

NRC, 1986)/proportion of population who smokc/365. For 1980, equals the 
number of cigarettes sold/National Health Interview Survey estimate of the 
number of never smokers > 17. 

'Proportion of population that smoke x tobacco weight x CPD per smoker. 

Tar delivery per cigarette x CPD. 

2.54 and 1.73* on which the phenomenologicali model 
is based i or the relative risks of 1.34 or 1.14 used in 
the population-attributable risk estimates, are far too 
high. In our opinion, a substantially greater cajv 
cinogenicity for ETS versus mainstream smoke is the 
most plausible factor which could explain the large 
difference between our linear estimate and the risk- 
based estimates, assuming that the latter estimates 
more closely approximate the true risk. A supralinear 
relationship between exposure and risk could also ex¬ 
plain the difference, though this appears less probable. 
Otherwise, the risk-based estimates must substantially 
overestimate the true risk. Further research on the 
relative carcinogenicity of mainstream and sidestream 
smoke and the dose-response relationship for low ex¬ 
posures to tobacco smoke is necessary. 

Effect of Past Exposures 

One final problem needs to be addressed. The use of 
the average particulate ETS exposure for never smok¬ 
ers in 1980 will underestimate the average never 
smoker's risk if the smoker/hever smoker exposure 
ratio was less in the past than in 1980, and if past 
exposures are more important in the development of 
lung cancer than recent exposures. The latter condi¬ 
tion may not be true: the lung cancer risk for ex¬ 
smokers declines with the number of years since smok¬ 
ing ceased (SG, 1979). The former condition can be 
examined by estimating the change in exposure over 
time. The average smoker’s past exposure can be de¬ 
termined from the average cigarette consumption and 
the average particulate delivery. Though the average 


smokers. Adjusting for the retained exposure de¬ 
creases the risk to 0.008 LCD7100,000, which predicts 
1.4 lung cancer deaths among male never smokers 
compared to the linear estimate of 8 deaths. The same 
relative decline for female never smokers would esti¬ 
mate 0.9 female lung cancer deaths, for a combined 
minimum estimate of 2.3 lung cancer deaths in 1980. 

The other two assumptions of the linear estimate 
(equal risk per unit of exposure for smokers and never 
smokers, and that all risk is attributable to particulate 
exposure) can be examined together. The difference 
between our estimate and the population-attributable 
risk estimates can be explained if ETS is substantially 
more carcinogenic per unit of exposure than main¬ 
stream smoke. The lowest alternative estimate of 265 
lung cancer deaths requires ETS to be as much as 22 
times more carcinogenic than mainstream smoke, the 
highest population-attributable risk estimate of 1,852 
lung cancer deaths requires ETS to be as much as 154 
times more carcinogenic, and the phenomenological 
estimate requires ETS to be as much as 301 times more 
carcinogenic. ETS could be more carcinogenic than 
mainstream smoke if there were substantial differ¬ 
ences in the chemical composition, deposition pattern, 
or deposition site of passively inhaled sidestream 
smoke versus actively inhaled mainstream smoke. 

The linear estimate is essentially based on a differ¬ 
ence in exposure between never and current smokers, 
while the phenomenological and population-attribu¬ 
table risk estimates are based on a difference in risk 
between never smokers with and' without regular ex¬ 
posure to ETS. Given the large difference in the expo¬ 
sure of never and current smokers, the relative risks of 




to 
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never smoker's past exposure cannot be estimated db 
rectly, it is possible to construct a relative exposure 
index from annua) data on the average amount of to¬ 
bacco in a cigarette, the percentage of the population 
that smokes, and the average cigarettes per day 
smoked per smoker. 

Table 10 gives the average smoker's exposure as 
well as the average never smoker’s exposure index for 
1955, 1968, and 1980. The smoker's exposure has de¬ 
clined 60.4% since 1955 (mostly due to increased filter 
use), whereas the never smoker's exposure index has 
declined only 26.4%. The faster decline for smokers 
means that the 1980 smoker/never smoker exposure 
ratio is less than the ratio in 1955 (Table 10) and that 
the 1980 risk estimate for never smokers should over¬ 
estimate the true risk based on a composite of past 
exposures. 

The estimated average particulate ETS exposure for 
current smokers in 1980, based on machine-smoked 
particulate ETS deliveries, would overestimate the 
decline in the average smoker’s exposure if each ciga¬ 
rette is smoked more intensely in 1980 than in 1955. 
However, the average smoker's exposure will decline 
faster than the never smoker's average exposure un¬ 
less the average particulate ETS deli very /cigarette in 
1980 is increased by 86% to 26.4 mg. An 86% average 
increase in the intensity with which each cigarette is 
smoked is unlikely; experimental studies of smokers 
given cigarettes with substantially lower tar and nicotine 
deliveries than their usual brand find the intensity of 
smoking to increase by 33% to 66% (Heming et ai, 
1981; Ashton et a!., 1979). 
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Appendix: Equations and Parameters of the Linear Extrapolation Estimate 


Never Smoker s Retained Paniculate ETS Exposure: 

Exp N = NRR(ExpH + ExpR +. ExpW + ExpG) 

where: 

Home Exposure (ExpH) = R x LH x PH x AH 

Restaurant/Bar Exposure (ExpR) ~ R x LR x PR x AR 

Work Exposure (ExpW) « R x LXW(PWW x AWW -h 
PBW x ABW + PRW x ARW) 

Other Exposure (ExpO) = R x LO x PO x AO 

R = the respiration rate. Lx = the length of exposure in each 
location x. Pr = the proportion of never smokers exposed to 
particulate ETS in each location x. Ax - the ambient particu¬ 
late ETS level in each Ideation x, WW.'« white-collar work¬ 
place, BW = blue-coliar workplace, NRR = the never 
smoker particulate ETS retention rate. 

Smokers Retained Particulate Tobacco Smoke Exposure: 
ExpSM = SMRR(CPD x TAR) 

SMRR = the smoker particulate tobacco smoke retention 
rate, CPD = the average number of cigarettes smoked/ 
day /smoker, TAR - the average tar delivery/cigarette. 

Smoker’s Lung Cancer Death {LCD) Rate: SMLCDR = 
100,000(NSMLCD/SMPOP) 

where: 


NSMLCD = TLCD - LCDN - LCDEX - LCDSM 

NSMLCD - the number of smoking-attributablfc LCDs 
among current smokers, SMPOP = the total number of cur¬ 
rent smokers, TLCD * the total number of LCDs inl980* 
LCDN = number of LCDs which occurred among never 
smokers, LCDEX = number of LCDs which occurred 
among ex-smokers, LCDSM = number of LCDs which oc¬ 
curred among smokers from nonsmoking causes. 

where: 

LCDEX = (TLCD - LCDN)/(1 + NCS/NES x 2.26) 
where: 

NCS = the number of current smokers, NES = the number 
of ex-smokers. 

Never Smoker's LCD Rate: NLCDR = 
SMLCDR/(ExpSM/ExpN) 1 

SMLCDR = the LCD rate per 100,000 smokers, ExpSM = 
average smoker's particulate tobacco smoke exposure, 
ExpN = average never smoker’s particulate ETS exposure. 

Number of Never Smoker Lung Cancer Deaths from ETS 
Exposure: = (NPOP/l00,000)NLCDR 

NPOP = number of never smokers, NLCDR = the lung 
cancer death rate per 100,000 never smokers. 
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The potential association of lung cancer with passive smoking has been studied epidemiologically. 
clinically, and with mathematical models. There have been both positive and negative studies, such that 
the association is still considered a potential rather than probable one. These studies, and the mathematical 
models, indicate that major factor in determining the relationship is the dose, and that more research is 
required to determine the dose side of the dose-response relationship. 


Introduction 

There has been a growing interest in the potential of 
passive (or involuntary) smoking as cause of lung can¬ 
cer (Lebowitz and Apostolides, 1982). This concern 
is based on chemical analysis of sidestream and main¬ 
stream smoke, experiments on the effects of tobacco 
smoke constituents in viira and in vivo, and some 
recent epidemiological evidence which may link in¬ 
voluntary smoking in spouses to lung cancer mortal¬ 
ity. Since the average person spends the great majority 
of time indoors, it is assumed that there is a large 
potential for exposure to tobacco smoke generated by 
others (MRC, 1981). 

Exposure Factors 

Of the various chemicals derived from tobacco 
smoke, four of great concern are polycyclic aromatic 
matter (POM) expressed as benzo(a)pyrene (BaP)Jdi- 
methylnitrosamines, dimethyl be nz-anthracene 
(DMBA) and alpha-emitting radionuclides, mostly po¬ 
lonium 210. Comparisons of mainstream and sides¬ 
tream smoke have been made by several authors 
(Brunneman and Hoffman, 1978; Rylander, 1974, 
1984; Schmeltz et al., 1975; U.S, Surgeon General, 
1980), Further, at least some POM originates from 
other indoor sources, such as food cooking, wood 
burning, and other combustions (NRC, 1981). Radia¬ 
tion dosage does occur from cigarettes (Martell, 1974; 
Little et al., 1965; Radford and Hunt, 1964; DiFranza 
and Winters, 1982); its relative contribution, to that 


from other sources, is still debatable (Martell, 1983; 
Jacobi, 1984). It has been difficult to determine the 
potential effects of nitrosamines or the radon progeny 
in the normal indoor environment on humans (Berg¬ 
man and Axelson, 1983; Martel, 1983). 

In vitro studies (Medical Perspectives, 1984; NRC, 
1972) have shown some increased mutagenic activity 
of tobacco products. Studies in mice have shown that 
condensate from the cigarette end has tumor-product¬ 
ing activity greater than that leaving the mouth piece 
of the cigarette (U.S. Surgeon General, 1982; Wynder 
and Hoffman, 1967). Other experiments have been 
reported to show combined effects of air pollution 
extracts and cigarette smoke condensate when in¬ 
stalled in or on tissue in large amounts (Hoegg, 1972). 
Sister chromated exchange in cultured human lympho¬ 
cytes is induced by cigarette smoke condensate, 
though not appreciably by BaP (Hopkin, 1984). 

Passive inhalation of cigarette smoke can produce 
tracheobronchial epithelial dysplasia and metaplasia in 
animals at high concentrations of smoke (Holland et 
al., 1963; U.S. Surgeon General, 1982). The rele¬ 
vance to humans can be questioned because of these 
high levels, at excess of levels encountered by humans 
(Schmeltz et al., 1975). ‘‘"Attempts to induce signif¬ 
icant numbers of bronchogenic carcinoma in labora¬ 
tory animals were negative in spite of major efforts 
with several species and strains" (U.S Surgeon Gen¬ 
eral, 1982). Furthermore, human exposure experi¬ 
ments with sidestream smoke in unventilated rooms 
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showed that air concentrations of vapor phase and par¬ 
ticulate phase substances decreased with their pres¬ 
ence, and the exposure of nonsmokers to tobacco 
smoke under realistic conditions does not appear to 
produce inhalation of sufficient amounts of tobacco 
smoke components traditionally (Holland et al. , 1963; 
Hugo detal., 1978). Hiller etal. (1982) measured the 
deposition fraction of environmental tobacco smoke in 
humans; the mean was 11% (the median was 8%). 

Only mathematical models, such as that of Repace 
and Lowrey (1985), appear to estimate dosage to hu* 
mans from environmental tobacco smoke that may be 
carcinogenic. These models are based on mathemati¬ 
cal assumptions and calculations that appear to include 
overestimations (Esmen, 1981). The dose so derived 
does not reflect estimates based on actual controlled 
laboratory studies (First, 1984; Hiller et at., 1982; 
Hinds et al. 1983; Jarvis and Russell, 1984; Johnson 
and Letzel, 1984; Schievelbein and Richter, 1984). as 
summarized recently by Hiller (1984), and evaluated 
by a WHO Committee (1983). Actual estimates (First, 
1984; Hiller et al. 1982, 1985; Hinds et al., 1983; 
Jarvis and Russell, 1984; Johnson and Letzel, 1984; 
Schievelbein and Richter, 1984) imply a dosage to the 
passive smoker of less than 2 (range of 0.1-2) ciga- 
rettes/day, except in unusual circumstances; these es¬ 
timates are ten- to one-hundred-fold less than that in 
the Repace and Lowrey model (1985). Dosage is the 
key ingredient to the question of association, and it 
will require further determination. 

Epidemiology 

Some have opined that involuntary cigarette smoke 
possibly contributes to the otherwise unexplained phe¬ 
nomena of lung cancer in nonsmokers and differences 
in lung cancer rates between rural and urban areas 
(Cooper et al. 1968; Hoegg, 1972), though most stud¬ 
ies and reviews link this mortality to occupational and 
other environmental exposures (Cooper etal. 1968; 
Goldsmith'and Friberg, 1977; Lippmann and Schles- 
inger, 1979; Shy et al., 1978; U.S. Surgeon Generali, 
1982). 

At least in the United States, lung cancer deaths in 
nonsmokers have not increased in the last three 
decades in either sex (Garfinkel, 1981). Studies of the 
relationship between involuntary smoking and lung 
cancer have been performed primarily in females who 
are exposed to the sidestream'smoke of their spouses. 
Females have lower lung cancer rates than males, even 
in smokers, and the relative risk ratios appear lower 
for* female smokers than male smokers; these differ¬ 
ences are thought to be due to differences in age of 
onset of smoking, of smoking habits, and occupa¬ 
tional exposures (U.S. Surgeon: General, 1980, p. 
114). Although the occupational exposure of women 
along with their smoking may produce similar rates to 
those of males under similar circumstances, fewer 


women have such exposures (U.S. Surgeon General, 
1980; p. 179). In general population samples, how¬ 
ever, it is more difficult'to accurately ascertain smok¬ 
ing and other exposures in women, especially in 
traditional societies. 

Prospective Population Studies 

In a recent study im Japan (Hirayama, 1981), nons¬ 
moking wives of smoking husbands were claimed to 
have a higher risk of dying from lUng cancer than 
nonsmoking wives of nonsmoking husbands. This 
study followed 91,540 nonsmoking wives age 40 and 
older for 14 yr (1966-1979). Husband’s age (40-59, 
60 + ) or occupation (agriculture or other) were used 
to standardize mortality rates for lung cancer and: were 
compared depending on the smoking habits of the hus¬ 
bands; standardization was not on the wives ages or 
occupations. A relative risk ratio of 2 (1.90-2:36) in 
nonsmoking wives of heavy smoking husbands was 
found and was considered significant by the Mantel- 
extension chi two tailed test; it has not been resolved 
whether the statistical test was performed correctly, A 
re-analysis of the data (Harris and DuMouchel; 1981) 
used a chi-square test statistic for the disaggregated 
data. Estimating relative risk using maximum likeli¬ 
hood methods for the total set of data also yielded 
significantly higher rates in the nonsmoking wives 
with smoking husbands. However, in evaluating the 
disagregated data several inconsistencies and/or dif¬ 
ferences of small magnitude were found. For instance, 
for wives of husbands age 40-59 who work elsewhere, 
the rates for the nonsmoking husband group (10.0) and 
the rates for the ex- or light-smoking husbands (11.2) 
are not different; for husbands age 60 or more who 
work in agriculture, the rates for women with heavy- 
smoking husbands (35.7) are less than the rates for 
women with ex- or light-smoking husbands (43 8). As 
with wives of husbands age 40-59 who work elsewhere, 
wives whose husbands are age 60 or older who work 
elsewhere who are ex- or light-smokers have rates not 
distinguishably different from the wives of nonsmoking 
husbands of that age group or occupational group. 

Further problems exist in evaluating the Japanese 
data, predominantly relating to the actual estimate of 
exposure to tobacco smoke and of other exposures in 
females. It may be difficult to correctly ascertain smok¬ 
ing habits of females in this traditional society, as smok¬ 
ing is considered improper for women. Furthermore, 
indoor exposures to indoor combustion products, espe¬ 
cially charcoal or kerosene burning, is likely in Jap¬ 
anese society, and is probably greater in rural females. 

Other exposures, either occupational, perri-occu- 
pational, ambient', and/or socially related are likely to 
have clouded the true differences amongst these 
women' (Dore, 1967; Embree, 1939; Vogel. 1971 )i 
One Japanese study reported increased cancer related 
to heating and cooking fuels used especially in rural 
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areas, as did one Chinese study (Leung, 1977); an¬ 
other Chinese study found no such effect (MacLennan 
el al., 1977)l It is difficult to ascertain how much time 
each group of women spends with their smoking or 
nonsmoking husbands. It is also difficult to determine 
the effects of ventilation in these homes on the expo¬ 
sure level; it may be that the women in the agriculture 
areas have homes with more ventilation as well as 
infiltration of pesticides and other substances. These 
problems persist because of other determinants of ex¬ 
posure, determinants of socioeconomic status, and the 
urban rural differences have not been characterized 
sufficiently, despite assumptions made about such dif¬ 
ferences (Hammond and Selikoff, 1981'; Hirayama, 
1981). Further, the major differences seen in wives of 
husbands age 40 to 59 in agriculture was based on 
only 3 female deaths in wives of nonsmoking hus¬ 
bands; further estimates of risk, depending on one's 
assumptions, could lead to different results (Rutsch, 
1981). 

Finally, other smoking-related causes of death were 
not significantly different between passive and non- 
passive smoking wives. Subsequent letters to the edi¬ 
tor of the British Medical Journal have been 
contradictory. Dosage estimates, as shown by the 
1984 International Workshop, have been incorrect. 

One study in the United States has been analyzed to 
determine the possible influence of husbands smoking 
on the mortaility experience of nonsmoking wives 
(Garfinkel, 1981). Adjusted lung cancer deaths among 
women with nonsmoking husbands matched with 
women with smoking husbands were not significantly 
higher in the first group than in the latter groups. The 
adjusted relative risk ratio for wives with husbands 
who smoked a pack or more per day was only 1.04. 
There is no serious disease in the women at the onset 
of this study. The relationship between the death cer¬ 
tificate cause of death and that in the medical records 
in females was only 83%, indicating possible biases 
in this study and in other studies of mortality; this bias 
may be greater for females, as the death certificates 
and medical records match more closely for males. 
Only 41 % of husbands’ smoking was at home. The 
fact that mortality ratios for light smokers compared 
to nonsmokers is nearly 5 to 1 in the United States 
compared to 2 to 1 in Japan would indicate that one 
would be more likely to see the effects of involuntary 
smoking in the United States. However, it appears 
unlikely the wives with husbands who smoke heavily 
can have mortality ratios that approach those of regu¬ 
lar cigarette smokers (Garfinkel, 1984). Thus, the Jap¬ 
anese study (and Greek study, below) may have 
possible biases in selection or in measurement (Garfin¬ 
kel, 1984; Rylander, 1984). Garfinkel reported (1984) 
that their autopsy studies have indicated no atypical 
cells in the 47 nonsmokers studies. They are starting 
a new chohort study of 1.2 million people, in which 
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more accurate exposure information will be obtainedi 
(Garfinkel, 1984). 

Knoth et al (1984) studied 59 females with bron¬ 
chogenic carcinoma in Germany: The proportion who 
were nonsmoking spouses of smokers (61.5%) indi¬ 
cated a risk 3 times that based on smoking males. This 
indicates that there is a high likelihood of misclassifi- 
cation/bias in this study. 

Gillis et al. (1984) have preliminary results from a 
cohort study of 16,000 in 2 urban communities in 
West Scotland. It was shown that cancer incidence and! 
mortality may inconsistently be associated with some 
small but nonsignificant increase in risk in nonsmok¬ 
ing female spouses of smoking husbands. 

There is a major problem in the phenomenologicali 
use of data on epidemiological Seventh Day Adven¬ 
tists (SDAs) in mathematical models (Repace and Lo- 
wrey, 1985). Generalizations based on SDAs are 
unjustified as they are a distinctly different group of 
individuals (compared to a random sample of the gen¬ 
eral population); they have different lifestyles imaddi¬ 
tion to different smoking habits. Epidemiologically, 
Repace and Low re y (1985) use insufficient methods 
to control for differences in age and other confounding 
factors (Friedman et al., 1983; Garfinkel, 1984; Roth, 
1981; WHO, 1982; WHO/EURO, 1983). 

As Rylander has indicated (1984), none of the co¬ 
hort studies were designed to study this relationship. 
In fact, Friedman et al. (1983) showed the high rates 
of misclassification of smoking by spouses, which 
would over-estimate risk. Garfinkel (1984) has con¬ 
firmed this misclassification bias. It is difficult to ob¬ 
tain complete information on passive smoking in 
nonsmoking women. An epidemiological study has to 
be designed specifically to measure their exposure as 
accurately as possible, and this is difficult to do. Fur¬ 
thermore, the long-term effects of passive smoking is 
difficult to establish because of the problems in clas¬ 
sification and because of other exposures and/or pre¬ 
vious exposures (such as in previously married 
women); marriage to a smoker is not equivalent to 
exposure, and other factors may mask important dif¬ 
ferences. 

Case-Control Studies 

Case-control studies are meant to measure relative 
risk (not true probability) and generate hypotheses, 
(not definitive results). 

Garfinkel (1984) reported on a recent attempt to do 
a case-control study. He indicated that half of the pri¬ 
mary lung cancer cases were misdiagnosed (by histob 
ogy) and half of the nonsmokers were current or ex- 
smokers by their own report (Garfinkel, 1984) When 
this study was completed (Garfinkel et al. 1985), they 
had 134 cases, 90 with home exposure. Their relative 
risk ratio by the number of cigarettes the husband 
smoked in the home was 1.31 overall and over 2.0 for 
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more than: 1 pack per day, both significant. Both are 
lower than that for light smokers. 

Another case-control study (Sandler el al., 1985) 
found no significant increase in lung cancer risk but 
found increases in nomtobacco-related cancers, that 
is, those normally used as positive controls for reasons 
of internal reliability and validity (i.e., the study is 
considered unreliable if the positive control shows an 
association and invalid if it is significant but the 
cases—lung cancer—are not). Other methodological 
and ascertainment problems might explain the gaffe. 

A case-control study in Greece (Trichopoulos el al: 
1981) compared spouses’ smoking habits of female 
lung cancer patients with spouses’ smoking habits of 
other female patients, after excluding smoking fe¬ 
males. As indicated by the authors, having only 39 
married nonsmoking females in the lung cancer group 
did not enable them to draw strong conclusions about 
their odd ratios. Furthermore, only about one-fourth 
of the lung cancer cases had histological conforma¬ 
tion. The controls were matched on their occupation, 
age, education level, urban/rural residence, and dura¬ 
tion of marriage, but were not matched on residence 
(vis-a-vis ambient exposures), other exposures, hus¬ 
band's occupation, or other factors of indoor expo¬ 
sure. It was noted that among the original set of 
female cases and female controls that the female cases 
smoked more, as expected, but the relative risk ratio 
of smoking cases appeared similar to the relative risk 
ratio of the nonsmoking married females with smok¬ 
ing spouses. These ratios were corrected in subsequent 
publications (Heller, 1983; Trichopoulos, 1984). 
Again the ascertainment bias of smoking in females in 
a somewhat traditional society is possible. The per¬ 
sonal habits of the various groups of women are un¬ 
known, although others (Hammond and Selikoff, 
1981) believe that they are such as to make the esti¬ 
mates of the differences conservative. 

Other factors that would affect the exposure to the 
husband's smoking, such as ventilation in the home, 
and the time spent with the husband, is unavailable. 
Since this was a case control study with limited infor¬ 
mation about co-Iinear variables or intervening vari¬ 
ables, it would take a prospective study in the 
community with better data collection to insure a bet¬ 
ter estimate of the probability of risk. Furthermore, 
such a study would avoid observer bias produced by 
using only one physician and the need to only one 
control group (Hammond and Selikoff, 1981). With a 
prospective study, there is a possibility of better his¬ 
tological conformation, including inclusion of adeno¬ 
carcinomas which the investigators presently excluded; 
more recent investigations indicate that all four major 
histological types, including adenocarcinoma, are re¬ 
lated to cigarette smoking (U.S. Surgeon General, 1980, 
p. 113). 

Chan and Fung (1982) have reported on a hispitah 
based case-control study in Hong Kong. Comparing 


83 female lung cancer cased to 139 females controls 
showed no difference in the proportions of each group 
with smoking husbands. Koo et al. (1985) performed 
a case control study in Hong Kong, in which the analL 
ysis of all histolbgical types in never-smoking females 
did not reveal any significant increase in relative risk 
from passive smoking. Other environmental factors 
which encourage bronchial irritation are suspected. 

They found histological typing responsible for mis- 
classification and biased risk values between active 
and passive smoking seen in other studies. 

Correo el al. (1983) published a case-control study 
of lung cancer in nonsmoking men and women clas¬ 
sified by the number of cigarettes smoked per day by 
their spouses. Relative risks in women was significant 
only for those with heavy (40 +/day) smoking hus^ 
bands. However, this study was based on 22 lung 
cancers in nonsmoking women and 8 im nonsmoking 
men. They examined whether or not there was an 
association with parents’ smoking habit when they 
were children as well. No association was found with 
paternal smoking. There was an elevated risk in smok¬ 
ers whose mothers smoked; after controlling for other 
variables, but no elevated risk in nonsmokers. No at¬ 
tempts were made to ascertain post hoc bias in report¬ 
ing, nor accuracy of the estimate of exposure. 

Kabat and Wynder (1984) reported on 25 nonsmok¬ 
ing men and 53 nonsmoking women classified not 
only by whether or not their spouse smoked, but also 
whether or not they were exposed to smoke of others 
at work or at home. In women there was no increase 
in risk of lung cancer for any of these three measures. 

In men there was increased risk of lung cancer in those 
exposed at work (barely statistically significant); but 
no increase in risk in those exposed at home or from 
spouse’s smoking, They concluded that more data 
must be collected before any conclusion can be drawn 
relating to the effects of passive smoking. 

A study based on interviewing the next of kin of 
deceased cases (Miller, 1984) showed slightly higher 
rates of all cancer deaths in women with smoking 
husbands (versus those with nonsmoking husbands) 
but lower rates of coronary artery disease and other 
causes in those same women. The odds ratio was cal¬ 
culated incorrectly. Nevertheless, it showed; signifi¬ 
cantly increased cancer deaths in only one of 4 age 
groups, and as low as 0.4 in another age group; the 
overall odds ratio was not significant. Examining only ?o 
nonemployed wives reduced the significant odds ratio 
to nonsignificance (X 2 = 0.93), although the overall 
ratio was now significant; the latter still I requires age 
adjustment before considered suggestive. Employed 
wives had an overall!odd ratio of 0.8; 

Models 

Since estimated exposure in passive smokers is be¬ 
tween 0.01-2 cigarette/day, one could linearily esti¬ 
mate an age adjusted relative cancer risk between 
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1.03-1.36'. The impact of this on cancer incidence 
especially in the majority of the range, is considered 
small (Vutuc, 1983). The difficulty is that we do not 
know if the dose-response curve is linear (no thresh¬ 
old) or nonlinear (with a threshold), indicating that 
extrapolation at these low levels of exposure is risky. 

The one-hit model of cancer risk is a crude model; 
it assumes a non-thresholdi linear dose-response rela¬ 
tionship and extrapolation to low doses. As shown by 
others (Roth, 1981; Albert, 1981; Althshuler, 1981; 
Caplan et al., 1983; Jacobi, 1984; Luken and Miller, 
1977; Radford and St. Clair, 1984; Schnerderman, 
1981; Task Force, 1982; Wyzga, 1981), this model 
overestimates risk from more likely exponential or 
mulihit models The model and methods used by Re¬ 
pace and Lowrey (1985) and others do not provide 
estimates of precision, confidence intervals, or consis¬ 
tency estimates (Beran, 1971; Black, 1970; Luken and 
Millfer, 1977; Smith, 1961)^ the very statistical bases 
of estimation procedures. 

Discussion i 

The fundamental dilemmas are (1) basic epidemiol¬ 
ogical or statistical errors in previous studies which 
are often ignored by nonepidemiologists (U.S. Sur¬ 
geon General, 1982, 1984); (2) misclassification of 
exposure and of lung cancer (Friedman et al:, 1983; 
Garfinkel, 1984); and (3) the problem of dose (Albert* 
1983) and exposure-response relationships (Jarvis and 
Russell, 1984). The biological consequences of smok¬ 
ing require a certain dose over a certain time (Garfin¬ 
kel, 1984; IARC, 1984; Vutuc, 1984), which if low, 
may not even be significantly noticed in low doses in 
large populations (U.S. Surgeon General, 1982). It 
seems unlikely that passive smoking is responsible for 
about one-third of the annual lung cancer mortality 
among U.S. nonsmokers (Repace and Lowrey, 1985). 
One must recognize also that nonsmokers may have 
developed lung cancer from other environmental 
agents: radon progency may account for 5%-30% 
(most likely 5%-l 5%) of such mortality (Edling et 
al., 1984; Hess et al., 1983: Jacobi, 1984; Radford 
and St. Clair, 1984), and volatile organic compounds 
(Albert, 1983; NRC, 1972), asbestos (Hirayama* 
1981; Holland et al., 1963), and various other env> 
ronmental factors have been blamed as well. In com 
elusion, the Repace and Lowrey (1985) estimates of 
nonsmokers’ lung cancer risk from passive smoking is 
an overstatement. 

Lung cancer risk estimated to be twice as high in 
passive smokers as in nonsmokers not exposed to the 
smoke of their partner is hardly conceivable because 
of the absence of cell modifications in the tracheo¬ 
bronchial tract of passive smokers (Garfinkel, 1984). 
Thus, the problem of passive smoking may be too 
small' to measure in population studies (Garfinkel, 
1981; Rylander, 1984)i A 1983 International work¬ 


group (Rylander, 1984) agreed that there was suffi¬ 
cient association to support further research. Further 
case-referent approaches could be considered Further 
research should measure actual exposure to environ¬ 
mental tobacco smoke, as recently requested by NCI 
(NCI RFA 84-Ca-14). It should consider the contri¬ 
butions of specific agents thought to produce cancer, 
such as nitrosamines and polycyclic hydrocarbons. 
Further research should include other possible carcim 
ogenic agents and confounding factors, such as occu¬ 
pational exposure, other exposures of the nonsmoking 
household members, social status and other risk varih 
ables. 

Conclusion 

One must weigh several factors before we claim 
certain causality that smoking by parents, spouses, 
friends, and workmates will definitely gjve non- 
smokers cancer. As previous public health experience 
has shown when one lacks causal links, ^lxiety in¬ 
creases, as do its sequaelae, as does cost, with increas¬ 
ing iatrogenic disease (i.e., induced by the 
’’“healer”) and little benefit in actually preventing 
overt disease, disability and premature mortality. 



The U.S. Surgeon General’s report 1982 (p. 249) 
stated: “’’Although the currently available evidence 
is not sufficient to conclude that passive or involuntary 
smoking causes lung cancer in nonsmokers, the evi¬ 
dence does raise concern about a possible serious pub¬ 
lic health problem.” At present, it can only be 
concluded that it will;require further investigation! be¬ 
fore the estimated probability of risk can be determined. 
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NOTICE 
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protected by copyright 
law (Title 17 U S Codek 


Clark Johnson 

Heinz Letzel, Munich, Germany 
(Received I July 1985) 


Dear Sir: 

The article “A quantitative estimate of nonsmokers* 
lung cancer risk from passive smoking** by Repace 
and Lowrey (1985) concludes that 5,000 nonsmokers 
aged 35 yr or greater die every year in the United 
States of lung cancer as a result of exposure to tobacco 
smoke through passive inhalation. They model the ex¬ 
posure in two microenvironments: at home and at 
work. In an effort to determine the limitations of the 
methodology, we have re-examined their methods for 
estimating the exposure in the home. This seems to be 
justified, since they use the same strategy for both 
environments. This strategy can be summarized as fol¬ 
lows: 

1. Calculate the number of cigarettes smoked in the 
environment. 

2. Use a theoretical model to translate this into a 
burden (uptake of particulate matter in mg per day). 

3. Calculate the probability that a nonsmoker will 
receive this exposure. 

Weaknesses on all three levels will be illustrated in 
this communication. 

Inflated Estimate of Per-Person Cigarette 
Consumption 

In paragraph 2 of Appendix A2 the authors assume 
that the average habitual smoker smokes 32 cigarettes/ 
day. This rather high estimate of daily consumption 
was apparently abstracted from Repace and Lowrey 
(1980) in which they obtained a smoking rate per 
smoker-waking h of 2 cigarettes. 

Hence, 32 cigarettes per day is calculated from an 
average rate of 2 cigareties/h and 16 waking h/day. 
We prefer the estimate given in the 1980 National 
Health Interview: Survey Smoking Supplement of 
21.7 cigarettes/day. If one corrects not only for this 


inflated estimate of cigarette consumption per day, but 
also for the incorrectly calculated percentages derived 
from Table A1 (33.75, 46.25, and 78.12% instead of 
34.4, 45.9, and 81%v respectively), it can be calcu¬ 
lated that 14.0 cigarettes are smoked by the average 
woman in the home, while 7.3 are smoked by the 
average man. 


In the next paragraph the authors derive an estimate 
of the number of cigarettes smoked in the average 
U.S. home. Drawing on statistics generated by Bon¬ 
ham and Wilson (1981), they correctly indicate that 
62% of U.S. homes with children contain one or more 
smokers and subsequently infer that of these homes 
(i.e., homes with smokers) 40% have two smokers, 
while in 33.5% the husband smokes, and 26.5% the 
wife smokes. Using these figures and the total number 
of cigarettes smoked at home as a basis, they calculate 
that 22 cigarettes/day are “estimated to be smoked 
daily in the average U.S. home.** This estimate, if it 
is valid at all, can only be applied to homes with 
children, where one or more smokers are present. This 
can, by no means, be regarded as the average U.S. 
home. Using our baseline smoking rate the value is 
14.6. 

They subsequently assume that everyone of these 
cigarettes exposes a nonsmoking adult. This assump¬ 
tion implies that the housewife is always accom¬ 
panied, and that, in the case where both husband and 
wife smoke, a third adult lives in the home. This as¬ 
sumption is by no means a conservative one. 

It seems, however, that a method could be devised 
by which a more realistic estimate of household ex¬ 
posure in cigarettes per day could be calculated. If, 
for example, one attempts to calculate the number of 
cigarettes smoked in the home, which have the potem 
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tial of exposing a second adult, one ts led to the fol¬ 
lowing calculation 

0 40 x 0 + 0.265 x 7.3 + 0.335 x. 7.3 = 4.4 

40% of the homes, containing at least one smoker, 
contain in fact two smokers. These adults cannot' be 
regarded 1 as being primarily exposed through one an¬ 
other’s smoking habit (Le., 0.40 x 0). Similarly, if 
only one adult smokes, then the only time that their 
smoking can expose the other adult is at those points 
in time when they are both occupying the house. 
Hence, the 33.75% of the waking day spent in the 
home by the man is the limiting factor. We calculate 
that 7.3 cigarettes are consumed in these 5.4 h (i.e., 
0.265 x 7.3 for women, 0.335 x 7.3 for men) Only 
4.4 (30%) of the 14.6 cigarettes smoked at home can 
reasonably be attributed to exposure of nonsmoking 
adults. 


Doubtful Theoretical Model not Cldaiiy Applicable 

The authors culminate their derivation by estimating 
the average exposure to paniculate matter in mg/day 
for an adult nonsmoker. The equation used was orig¬ 
inally published by the authors in 1980 (Repace and 
Lowrey, 1980). 

In that article it is clear that the derivation of this 
formula depends upon two important simplifications 
of the smoking process: 

1. Smoking as a statistical process. 

In deriving the model, the authors assume “that smok¬ 
ing is a random process when it occurs among large 
groups.” The authors, however, use the model in sit¬ 
uations in which only a single smoker is present (i.e., 
the home), hardly one that can be regarded as charac¬ 
teristic of large group phenomenon l 

2. Pollution equivalent to steady state levels. 

A single smoker in a small room may produce a rela¬ 
tively constant level of pollution. The authors, how¬ 
ever, assume that this constant level is equivalent to a 
theoretically derived “steady state”, an assumption 
that has not been substantiated. 

The application of this formula may be appropriate. 
However, it is incumbent upon the authors to offer the 
reader a demonstration of the fact that the assump¬ 
tions, upon which it is based, can be massively vio¬ 
lated without loss of validity. 


Questionable Choices With Regard to Application of 
the Formula 

Even if the equation is theoretically correct, which 
we doubt, u is incorrectly applied. As stated earlier, 
there is simply no basis to assume that an adult non- 
smoker will be exposed for every hour of the waking 
day in every home where cigarette smoking takes 
place. Consequently, the authors' assumption that, if 
an adult is exposed, he or she will be exposed 16 h 
every day, is a dramatic inflation of an already inflated 
estimating procedure. From our calculations, a value 
of 5.4 h would more likely be appropriate. 

Finally, the authors suggest that the probability of 
exposure is 62% for an adult nonsmoker. As reported 
earlier, this does not seem to be a correct estimate. 
Not only does it fail to account for the possibility that 
there are single parents, but it also includes as exposed 
those homes in which both parents smoke. Since we 
have no data for the percentage of single parents in the 
U S. population, we will assume that this effect bal¬ 
ances the number of times that a third adult actually is 
present in the home, where both parents smoke. Still; 
since 38% of the surveyed homes had no smokers, 
and 25% had two or more smokers, it seems far more 
reasonable to assume that the probability of exposure 
is 37% (100% - 38% - 25%). 

Conclusion 

Our examination has shown that the figures derived 
by the authors are based upon incorrect theoretical 
assumptions and inflated empirical estimates. The 
other calculations, contained in their paper, suggest to 
us that the tendency to choose inflated estimates with 
regard to exposure in the home was consistantly fol¬ 
lowed. As a result, one must conclude that the esti¬ 
mate of 5,000 lung cancer deaths per year in the 
United States, due to exposure to ambient tobacco 
smoke, does not represent an accurate assessment of 
the problem. 
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HEALTH RISKS OF PASSIVE SMOKING: PROBLEMS OF 
INTERPRETATION 


R R. J. Burcti 

Department of Medical Physics. University of Leeds, The GeneraliInfirmary, Leeds LSI 3EXUntied 
Kingdom 


Outline of Repace and Lowrey’s Procedure 


Ihtroduction 

It is notoriously difficult to draw sound conclusions 
about causation from epidemiologic studies of associ¬ 
ations. In his Principles of Medical Statistics, Sir Aus¬ 
tin Bradford Hill, one of the founders of modern 
epidemiology, warns in connexion with positive asso¬ 
ciations: “Merely to presume that the relationship is 
one of cause and effect is fatally easy; to secure satis¬ 
factory proof or disproof, if it be possible at all, is 
often a task of very great complexity” (Hill, 1949). 

The fundamental difficulty in conventional case- 
control and prospective surveys relates to the compar¬ 
ability of cases and controls. Thus, when we compare 
the incidence of lung cancer in smokers with that in 
nonsmoking controls we determine an association 
which, in the great majority of studies (U.S. Surgeon 
General; 1982), has been found to be positive. But, as 
we have been told ad nauseam, “association does not 
necessarily imply causation. ” Smokers and non- 
smokers are generally self-selected and we need to be 
assured of the strict comparability of the two group*— 
in every pertinent respect except smoking—before in¬ 
ferring causation from association (Fisher, 1959; 
Yerushalmy, 1971). An analogous issue arises in con¬ 
nexion with various studies of passive smoking 
(Burch, 1981a): are persons married to smokers com¬ 
parable, on the average, in all other pertinent respects 
to persons married to nonsmokers? Alas, the phenom¬ 
enon of assortative mating is well established and ac¬ 
cordingly we are not at liberty to assume that studies 
of any disease, in relation to the smoking status of the 
spouse or other household members, comply with the 
scientific requirements for valid inferences about 
cause. The nonsmoker who marries a smoker is un¬ 
likely to be representative of all nonsmokers. 

My main purpose here is to examine Rcpace and 
Lowrey’s (1985) arguments about lung cancer from 
the methodblogic viewpoint. 


1. Exposure of nonsmokers 

From measurements of the concentration of respir¬ 
able panicles between 0:01 and 3.0 p.m diameter in 
representative samples of room air, and from surveys 
of lifestyles. Repace and Lowrey (1985) estimate the 
total exposures of nonsmokers (range and average) in 
terms of mg cigarette tar per day. 

2. Epidemiologic studies of lung cancer in passive 
smokers 

They review 13 epidemiologic studies of lung can¬ 
cer risk in the nonsmoking spouses of cigarette smok¬ 
ers. In 12 of these, the only index of exposure was the 
strength of the spouse’s smoking habit. The mortality 
ratio for persons married to smoking spouses versus 
those married to nonsmokers, clusters around a value 
of 2.0. 

They also compare the sex- and age-adjusted mor¬ 
tality from lung' cancer in Seventh Day Adventists 
(SDA) self-reported nonsmokers with that in never- 
smokers in the general U.S. population. Non-SDA 
never-smokers had an average standardized death rate 
from lung cancer that was 2.4 times that of SDA 
never-smokers. This latter group, they believe, was 
less likely to be exposed to ambient tobacco smoke 
than the former. 

3. Estimated death-rate from lung cancer in 
nonsmokers using epidemiologic studies of passive 
smoking 

Repace and Lowrey (1985) assume that the mortal¬ 
ity ratio (2.4) derived from the SDA study implies 
causation and thereby calculate that some 4,700 lung 
cancer deaths per year have been caused 1 among U.S. 
nonsmokers owing to passive smoking. They con¬ 
clude that this figure agrees well (within 109c) with 
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Hirayama's (198 i) estimate of mortality from Iting 
cancer attributable to passive smoking by the nons¬ 
moking wives of Japanese smokers. 

4. Estimated death-rate from lung cancer in 
nonsmokers using epidemiologic studies of active 
smokers 

From many studies of lung cancer in active cigarette 
smokers reviewed by the U.S. Surgeon General 
(1982), and a linear exposure-response relationship. 
Repace and Low rev derive an alternative estimate of 
the lung cancer death rate in the U.S. resulting from 
passive smoking. This procedure leads to an estimated 
555 lung cancer deaths per year, nearly one order of 
magnitude lower than the rate (4700 per year) caltu^ 
lated under procedure 3 above. 

5 . Discussion of discrepancy between procedures 3 
and 4 

Repace and Lowrev speculate upon ways in which 
the lower estimate might be raised to the upper value. 

Critique 

Each of the above stages ini Repace and Lowrey’s 
procedure is discussed in turn. 

1 . Comment on: Exposure of nonsmokers 

To make a valid estimate of the effective exposure 
of passive smokers to carcinogens we require the fol¬ 
lowing information at least:: (i) the nature of the car¬ 
cinogens and their concentration in sidestream smoke 
particles; (ii) the anatomical location of the target 
cells; (iii) appropriate parameters of exposure such as 
the time-concentration and/or integral dose of carcin¬ 
ogens at the cells at risk; and 'iv) an established model 
of tobacco smoke carcinogenesis incorporating factors 
for the sex- and age-dependence, dose and dose-rate 
effects, genetic susceptibility, etc.. 

Having little or no definitive guidance under any of 
these requirements, current estimates of effective ex¬ 
posure to carcinogens should be regarded as conjec¬ 
tural. Nevertheless, for the purpose of comparing 
passive smoking with active smoking, we have at 
present little option but to use the kind of data given 
in Repace and Lowrey’s Table 1, although, according 
to Jarvis and Russell 1 (1984), measurements of cotin- 
ine concentrations in urine samples are preferable. 

2. Comment on: Epidemiologic studies of lung 
cancer in passive smokers 

In addition to problems concerning occupational 
hazards, the choice of controls, etc., the reviewed 
epidemiologic studies are vulnerable to one elemen¬ 
tary as well as a fundamental objection. To take the 
elementary objection first. Repace and Lowrey’s Ta¬ 
ble 1 gives an estimated average daily exposure of 


nonsmokers in the home only, of OiIO mg, and: at' 
work only, of 0.44 mg. It follows that studies of can¬ 
cer and 1 lung cancer risk in passive (or active); smok¬ 
ers, in relation to the smoking status of the spouse and 
household members, provide wholly inadequate evi¬ 
dence for association with actual exposure. Average 
total exposure appears from Repace and Lowrev’s cal¬ 
culations to be dominated by the workplace compo¬ 
nent. This view is borne out in the Japanese 
environment by actual measurements of cotimne con¬ 
centrations in urine samples from 167 male and 305 
female nonsmokers (Matsukura ei al ., 1984). Using 
Duncan’s multiple-range test for several comparisons 
the authors found no significant difference between 
persons (200) not exposed at home, who had an aver¬ 
age concentration of 0.51 r 0.09 p.g/mg creatinine, 
and those (272) exposed at home who had an average 
of 0.79 :r0.I0 fi^mg creatinine. Consequently, the 
relatively large differences in cancer risk between per¬ 
sons with smoking spouses, and those with nonsmok¬ 
ing spouses, are most unlikely to be due to differences 
in the levels of passive smoking, which on the average 
are small. 

Only one study, that of Kabat: and: Wynder (1984), 
took account of exposure of nonsmokers in the work¬ 
place. That survey disclosed 6 male cases and 5 con¬ 
trols exposed in the home but 18 (out of 25) cases and 
11 (out of 25) controls exposed at work (P = 0.05, 
ignoring the problem of multiple tests). With respect 
to women, Kabat and Wynder (1984) report: * 4 . .. . 16 
of 53 cases were exposed at home compared to 17 of 
53 controls, and 26 of 53 cases were exposed at work 
compared to 31 of 53 controls.” Thus no significant 
differences were found in the data for women but the 
trend favours a prophylactic rather than a causal hy¬ 
pothesis. 

The fundamental objection to all the reviewed stud¬ 
ies of passive smoking concerns, of course, the lack 
of established comparability between the exposed and 
the nonexposed groups. This objection applies equally 
to studies of cancer risk in relation to the spouse's and 
household: smoking, and to the comparison between 
SDA and non-SDA never-smokers. Seventh Day Ad¬ 
ventists differ from never-smokers in the general U.S. 
population with respect to various features of lifestyle. 
Moreover, they are not drawn randomly from the gen¬ 
eral population; they are either self-selected and/or 
bom of self-selected parents. 

Hence, no reliable inferences about cause can be 
drawn from associations determined from either of the 
above types of evidence. In the absence of randomiza¬ 
tion we can.have no confidence that hidden variables, 
particularly of a constitutional character, are not re¬ 
sponsible for the observed associations. 

By an interesting irony one of the studies of passive 
smoking (Sandlfer, et al., 1985a, 1985b):, if taken at 
face value, provides a fair refutation of the hypothesis 
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that the association with the risk of cancer is causal 
(Burch, 1985). Sandler et al. (:1985a)!srudied the over¬ 
all cancer risk in active and nonsmokers in relation to: 
the number of household members who smoke. The 
odds ratio was normalized to unity for households 
with no (other) members who smoked. For households 
with one (other) smoking member the odds ratios are 
1.42 for active smokers and 1.45 for non smokers; for 
households with two (other) smokers the correspond¬ 
ing ratios are 2.25 and 2.32; and for three or more, 
the ratios are 2.42 and 2.75. Within the error limits 
the ratios for active smokers are identical with those 
for nonsmokers. Treating them as identical, Burch 
-demonstrated that if A represents the carcinogenic ef* 
feet of active smoking and P the carcinogenic effect 
of passive smoking resulting from one household 
smoker then, for either additive or multiplicative (in¬ 
teractive) models of carcinogenesis, A + P = 0 
(Burch, 1985). This relation has three possible solu¬ 
tions: (i) active and passive smoking are both noncar- 
cinogenic (A = P = 0); (ii) active smoking is 
carcinogenic and passive smoking is prophylactic (A 
* — P); and (iii) active smoking is prophylactic and 
passive smoking is carcinogenic (P = -A). Burch 
added: “The statistical uncertainty in Sandler’s Table 
1 is large enough to permit slightly less paradoxical 
inferences . . 

Sandler et al. (1985b) replied to this analysis giving 
a further breakdown of their data showing odds ratios 
for the overall cancer risk in active and in nonsmokers 
in relation to household exposure to cigarette smoke 
during childhood only, adulthood only, and both pe¬ 
riods of life. These supplementary data only deepen 
the paradox: Consider the simple additive model and 
define N as the average risk per person of cancer from 
all'causes unconnected with smoking; A is the average 
additional risk from active smoking, including the 
smoker’s exposure to the associated ambient cigarette 
smoke; P e is the additional average risk from exposure 
to household cigarette smoke during childhood only; 
and P A is the corresponding risk from exposure to 
household cigarette smoke during adulthood only. 
(The study population was aged from 15 to 59 yr and 
I assume these risks are substantially less than unity.) 
For nonsmokers exposed to household cigarette smoke 
during childhood only, with total risk jV ; + we re¬ 
quire from the Table of Sandler et aL (1985b): (N 4? 
P c )/N a the odds ratio, 1.3, giving P c z 0.3/V, a 
nonparadoxical result. For active smokers who were 
exposed to household cigarette smoke during child¬ 
hood only, we have: (iV 4- A + P c )l(N + A) » 1.9. 
Substituting for P„ we obtain A z -0.7/V, a highly 
paradoxical result implying that active smoking in con¬ 
junction with passive exposure to household cigarette 
smoke during childhood only, is markedly prophylactic! 
A similar conclusion emerges from the multiplicative 
model. 


However, when we consider the odds ratios for ex¬ 
posure to households cigarette smoke during adulthood 1 
only, we obtain A = 3jV. which for the overall cancer 
nsk in both sexes is substantially larger than directly 
observed associations (U.S. Surgeon Generali, 1982). 
Furthermore, although it is logically acceptable that 
active smoking in conjunction with passive smoking 
during childhood only is prophylactic, but in conjunc¬ 
tion with passive smoking during adulthood only it is, 
carcinogenic, the sharp reversal of effect between 
childhood and adult phases imposes a severe strain on 
biological models of carcinogenesis. 

The “solution” to these findings of Sandler et al. 
(1985a, 1985b) that minimises paradox is, in effect, 
the original one: A - P e = P A = 0; with the odds 
ratios being attributed to selection effects arising from 
assortative mating. 

3. Comment on: Estimated death-rate from lung 
cancer in nonsmokers using epidemiologic studies of 
passive smoking 

Even if we adopt the hypothesis that passive smok¬ 
ing causes lung cancer and ignore selection problems, 
the evaluation of the epidemiologic studies for the 
purpose of risk calculations still poses severe prob* 
lems. We have no direct measure of the relevant ex¬ 
posure to ambient cigarette smoke in any of the studies 
of associations. Although it is plausiblfe to suppose 
that SDA nonsmokers have a lower exposure to am¬ 
bient cigarene smoke than non-SDA never-smokers, 
we have no direct measure of the average levels in 
either group. 

For these reasons alone the calculation by Repace 
and Lowrey of the number of lung cancer deaths 
(LCDs) per year in the United States caused by pas¬ 
sive smoking must be regarded with the utmost suspi¬ 
cion. Associations determined from conventional! 
case-control or prospective nonrandomized surveys 
should play no part in a scientific estimate of the mag¬ 
nitude of risks. 


4. Comment on: Estimated death-rates from lung 
cancer in nonsmokers using epidemiologic studies 
From the Surgeon General’s estimate that 85% of 
alll lung cancers are due to smoking and a linear ex¬ 
posure-response relation, Repace and Lowrev calcu¬ 
late that about 555 LCDs are caused in the United 
States each year through nonsmokers being exposed 
to ambient tobacco smoke. Elsewhere I'have reviewed 
the methods used in the U.S. Surgeon Generali’s 
('1982) report on cancer and, in particular, the argu¬ 
ments about lung cancer (Burch, 1983). If Lilienfeld’s 
(1983) invited response to my many criticisms may be 
regarded as the best available defence of the Surgeon 
General’s methods then.I hope that I might be forgiven 
for suggesting that we need give little credence to 
them (Burch, 1984). 
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To quote from my summary (Burch 1983): “Pan II 
of the [Surgeon General’s] Repon describes the five 
criteria for causality chat have guided the judgment of 
committees since 1964. I show that not one of the 
criteria, plausibly interpreted, is satisfied by the epi¬ 
demiologic evidence for lung cancer.” Lilienfeld 
(1983): was unable to demonstrate the contrary and to 
all 1 my pointed enquiries he did not supply a single 
answer. On the Surgeon General's own criteria the 
hypothesis that the association between smoking and 
lung cancer is entirely causal in origin should be re¬ 
jected. 

My main attack, however, was launched at a more 
fundamental level: “The five criteria and the subjec¬ 
tive method of ‘judgment’ are inappropriate to a sci¬ 
entific analysis; they should be replaced by the 
objective testing of hypotheses/' Given a genuine as¬ 
sociation between a habit. H, such as cigarette smok¬ 
ing, and a cancer, C\ such as lung cancer, we are 
obliged to consider all the following possibilities: (i)> 
/f, or something closely connected with it, such as the 
means of ignition, causes C, (ii) C\ or a connected 
pre-C condition, causes H (I call this the “converse 
causal’’" hypothesis); (iii) a “third” factor causes, or 
predisposes to, both H and C; and (iv) because (i) to 
(iii) are not mutually exclusive any combination of 
them might be needed to account for an established 
association. 

A comprehensive evaluation of an association re¬ 
quires an assessment of the relative contributions of 
(i), (ii) and (iii) complete with confidence limits. I had 
to admit: “My own attempts to derive the magnitude 
of the causal component of the association berween 
smoking and lung cancer have been unsuccessful; er¬ 
rors of diagnosis and death-certification alone are apt 
to defeat such efforts.” We are fortunate that other 
investigations—see below-—help us to arrive at a 
“best estimate” of this causal component. 

5. Comment on: Discussion of discrepancy between 
procedures 3 and 4 

On encountering a near order of magnitude discrep¬ 
ancy berween alternative estimates, most investigators 
would express dismay; it is to the credit of Repace and 
Lowrey that they display no outward signs of disap¬ 
pointment. Nevertheless, their ”... discussion of al^ 
tentative exposure-response relationships” has one 
conspicuous feature. Means are sought only to raise 
the lower estimate of 555 LCDs per year to the higher 
(4700 LCDs per year) and none in the reverse direc¬ 
tion. I suggest that as little faith should be vested in 
the one estimate as in the other; both incorporate the 
same fundamental fallacy of arguing from association 
to causation. 

It is widely, one hopes universally, recognized that 
the best way of eliminating most forms of bias, both 
in therapeutic trials and in epidemiologic studies of 


causation^ is through randomization. Feinstein (1985) • 
describes the randomized trial as the definitive 
“gold” standard in epidemiology. In the only practi¬ 
cal form of such trials so far exploited in connection 
with the effects of active smoking, persons satisfying 
defined entry criteria were allocated randomly to one 
of two groups: (a) the intervention group which was 
subjected to intensive advice on the pan of the inves¬ 
tigators to quit smoking; or (b) the usual care, control 1 
group, which received no such' advice. Levels of 
smoking were then monitored in both groups and after 
a suitable period the outcome, mainly in terms of mor¬ 
tality from various diseases and all causes, was as¬ 
sessed for the two groups. 

Two such randomized trials have been carried out 
in which the findings for lung cancer have been re¬ 
ported: the Whitehall Study in London, England (Rose 
era/.... 1982) with a lOyr follow-up; and the Multiple 
Risk Factor Intervention Trial (MRFTT, 1982)' in the 
United States with a 7~yr follow-up. Although this 
latter trial cost some $120 million and^ aiming at a 
reduction of bean disease, included dietary advice and! 
stepped care treatment for hypertension in the inter¬ 
vention group—as well as antismoking advice—the 
results have not'achieved prominence in the medical 
literature. They are not even mentioned by Repace and 
Lowrey. It is remarkable that reputable trials that cost 
so much should be valued so little. 

Substantial reductions in smoking were achieved 
through the efforts of the investigators in the interven¬ 
tion groups, over and above the unplanned reductions 
in the usual care, control groups. By combining deaths 
and registrations for lung cancer in the Whitehall 
Study with deaths from lung cancer in the MRFIT 
(registrations not being reported in that study) we 
maximize numbers and obtain the best available direct 
epidemiologic test of the efficacy of reducing or quit¬ 
ting cigarette smoking. In the combined intervention, 
low-smoking groups, some 56 cases of lung cancer 
were recorded out of 7,142 men at entry (0.78*3:); in 
the usual care, relatively high-smoking groups. 53 
cases were found out of 7,169 at entry (0.74%). The 
small advantage enjoyed by the high-smoking groups 
is. of course, not statistically significant; but it is strik¬ 
ingly consistent with the hypothesis that the associa¬ 
tion of active smoking with lung cancer has little or 
no causal component. 

Because Sandler et aL (1985a, 1985b) studied all 
types of cancer, the outcome of the randomized trials 
for all cancers other than lung cancer are also of spe¬ 
cial interest. Some 88 cases (1.23%) were recorded in 
the combined low-smoking intervention groups but 
only 60 cases (0.84%) in the more heavily smoking 
usual care groups! It would be interesting to know 
whether a detailed statistical' analysis of these com¬ 
bined results would reject the null hypothesis, as.it did 
in the Whitehall Study at the level P = 0.003 (Rose 
etaL. 1982). 
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One possible weakness of this type of intervention 
trial must be mentioned. Quitting smoking might be 
followed by psychological stress, or other changes in 
lifestyle, that are carcinogenic. Rose ex al. (1982) ob¬ 
served only “minor"’ psychological effects of inter¬ 
vention but believe that further study, is needed to test 
the hypothesis that quirting smoking has adverse ef¬ 
fects on the cancer nsk. 

Before concluding the review of these randomized 1 
trials the findings for deaths from all causes should be 
quoted! because they yield the largest numbers and 
have some claim to be the most important. In the 
combined intervention groups, 388 deaths in 7,142 
were reported (5.43%); and in the more heavily smok¬ 
ing control groups, 388 deaths in 7,169, or 5.41%, 
were reported. (It should be remembered that in the 
MRFIT study the intervention group also received di¬ 
etary advice and treatment for hypertension.) Suffice 
it to say that a reduction in overall mortality does not 
appear to be among the benefits of quitting smoking. 

This is not an isolated finding; it corroborates an 
earlier analysis (Burch, 1981b) that was also designed 
to defeat the bias of self-selecuon and was exempt 
from'the problems connected with intensive interven¬ 
tion. To avoid the errors of certification of the cause 
of death I analysed the temporal trends in sex- and 
age-specific mortality from all causes in England and 
Wales, over the period 1950 to 1976. These trends 
were compared, for various latent periods, with the 
corresponding temporal trends in sex- and age-specific 
rates of cigarette consumption (on a “constant tar” 
basis), which rose during the early pan of the period 
surveyed and! fell dUnng the latter part. The fail in 
death rates was greater during the rise in cigarette 
consumption than during its fall. Differences in the 
age-pattern of mortality between the early and late 
periods showed that, up to the age of about 45 yr, the 
fall in'overall mortality was almost entirely accounted 
for by the near eradication of tuberculosis. No causal 
effects of smoking on overall mortality could be dis¬ 
cerned although, if the associations observed in case- 
control and prospective studies had a causal basis, 
they should'have been readily detected. 

Conclusions 

When the most reputable of direct epidemiologic 
studies, randomized controllfed intervention trials, fail 
to demonstrate any of the benefits widely expected 
from quitting active smoking, it is not surprising that 
Repace and Lowrev’s alternative estimates of the ef¬ 
fects of passive smoking on the incidence of lung can¬ 
cer—both based on spurious arguments—should 
differ by almost an order of magnitude. The conclu¬ 
sion that'exposure to ambient tobacco smoke produces 
. . about 5000 lung cancer deaths per year in U.S. 
nonsmokers aged > 35 years .. . belongs more to; 
speculation than reality: When we take into account 


the outcome of the randomized trials together with the 
paradoxical implications of the findings of Sandler ei 
al. (1985a, 1985b) , the best estimate of LCDs per year 
is approximately zero. 

No methodologically sound investigation of puta^ 
tive carcinogenic effects of passive smoking has vet 
been earned out. In the light of the size and cost of 
the randomized trials of the effects of quitting smok¬ 
ing—and of the disappointing results—it must be 
doubted whether any methodologically sound study of 
the requisite sensitivity will be undertaken: in connex¬ 
ion with passive smoking in the foreseeable future. 

Repace- and Lowrey may feel justified in—and can 
hardly be blamed for—following practices that, in 
spite of numerous warnings (Hill, 1949; Fisher. 1959; 
Brownlee, 1965; Yerushalmy, 1971; Feinstein. 1979) 
are still) commonplace in epidemiology. In the words 
of a distinguished clinical epidemiologist, a “li¬ 
censed” epidemiologist “. . . can obtain and mamp* 
uiate the data in diverse wavs that are sanctioned not 
by the delineated standards of science, but by the tra¬ 
ditional practice of epidemiologists” (Feinstein. 
1979). We must hope that, before further public alarm, 
is generated, wiser and more scientific counsels will! 
prevail. 

References 

Brownlee. K. A. (1965} A review of “Smoking and Health ." J. Am. 
Sun. Assoc. 60 , 722-739. 

Burch. P. R. Ji (198 la) Passive smoking and lung cancer. Bni. Med. 
J. 282. 1393. 

Burch. P. R. J. 0981b) Smoking and mortality m England and Wales. 

1950 to 1976. J. Chron. Dis. 34, 87-103 
Burch. P. R. J. (1983)The Surgeon General's “Epidemiologic entena 
for causality." A critique. J. Chron. Dis. 36, 821—836. 

Burch, P. R. J. (1984) The Surgeon General’s “Epidemiologic entrna 
for causality.” Reply to Lilienfeld, J. Chron. Dis. 37, 148—156. 
Burch. P. R. J. 0985) tlifesume passive smoking and cancer nsk. 
Lancet 1, 866. 

Feinstein. A. R. 0979) MethoddlOgic problems and standard! in case- 
control research. J. Chron. Dis. 32, 35—41. 

Femsiem. A. R. (1985) Experimental requirements and scientific prin¬ 
ciples in case-control studies. J. Chron. Dis. 38, 127-133. 

Fisher. R. A. (1959) Smoking. The Cancer Conn-oversy Oliver &. 
Boyd. Edinburgh. Scotland l 

Hill. A. B. (1949) Principles of Medical Siansncs. Lancet Lid.. Lon¬ 
don, 

Hiravama. T. (1981) Non-smoking wives of heavy smokers have a 
higher nsk of lung cancer A study from Japan: Bnr. Med. J. 282, 
183-185. 

Jarvis. M J. and Russell. Ml A. H. (1984) Measurement andesitmaic 
of smoke dosage to non-smokers from environmental tobacco 
smoke. Europe J. Resp. Dis 65. Suppl 133 >. 68—75. 

Kabai. G. C. and Wvnder. E. L. 0984) Lung cancer in nonsmokers. 
Cancer. 53. 1214-1221. 

Lilienfeld. A. M. (1983) The Surgeon General's “Epidemiologic cn 
Lena for causaliry r ‘: A criticism of Burch’s enuque. J: Chron 
Dis 36. 837.-845. 

Matsukara. S.. Tammato. T.. Kitano. N:. Seino. Y.. Hamada. H 
Uchihashi. M.. Nakajima. H. and Hiraia. Y. (1984) Effects o 
environmental tobacco smoke on urinary coumne excretion ui non 
smokers. Ntrw Engl. J: Med 311, 828-832, 

MRFIT Research Group (1982) Mulhpie nsk factor intervention trial 
Risk factor changes and mortality results, J. Am. Med. 

248, 1465-1477. 

Repace, J. L. and Lowrey, A. H. (198?) A quantitative estimate o 



Source: https://www.industrydocuments.ucsf.edu/docs/szpxOOOO 


2023J5136Q8 



23 


P. R. J. Burcn 



nonsmokers’ lung cancer msk from passive smoking. Environ. Ini. 

II, 3-22. 

Rose. G.. Hamilton, P J. S.. GoiwelL L. and Shipley. M. J. (1982) 
A randomized controlled tnaJlof anut-smokmg adVtcc: IO*year re¬ 
sults. J Epidemiol. Commun. Health 36. 102-108. 

Sandler. D. P.. Wiltox. A. 1. and Everson. R. B. (1985a) Cumulative 
effects of lifetime passive smoking on cancer risk. Lancet 1, 
312-315. 

Sandler, D; P., Wilcox, A. Ji and Everson, R. B. (1985b) Lifetime 


passive smoking and cancer nsk. Lancet 1, 866-867 

UlS Surgeon General (1982) The health consequences of smokine 
Cancer. U S. Departmem of Health and! Human Services. Wasn- 
ington. DC. 

Yerushaimy, J. (1971) Sc If-selection—A major problem m observa¬ 
tional studies, in Proc. 6th Berkeley Symp on Mathematical Sta¬ 
tistics and Probability. voi. IV- Biology and Health. L. M Le 
Cam. J. Neyman. andE. L. Scoct. eds.. pp. 329—University 
of California Press. Berkeley. CA. 


i 



Source: https://www.industrydocuments.ucsf.edu/docs/szpxOOOO 


2023513609 




Environment International, Vol. 12. pp. 29-31, 1986 
Printed in the USA. Ail n&hu reserved! 


016CMT20/86 S3.00 - .00 
Copyright® 1986 Pergamon Journals Ltd; 


LETTER TO THE EDITORS 


Introduction 

Repace and Lowrey (1985) estimate exposure to en¬ 
vironmental tobacco smoke (ETS) in Appendix A. In 
Appendix B they extrapolate an exponential dose re¬ 
sponse curve to the number of lung cancer deaths pre¬ 
sumed to be caused by passive smoking in the 
community. In Appendix C they contrast lung cancer 
mortality in nonsmokers, comparing Seventh Day Ad¬ 
ventists (SDAs) with a group of non-SDAs and then, 
assuming this difference to be caused solely by pas¬ 
sive smoking, extrapolate the putative effect of pas¬ 
sive smoking to the U.S. population to estimate the 
decrease in life expectancy presumed to be due to 
ETS. 

In the following, I express the difficulties I have in 
accepting these estimates. 

Appendix A 

With regard to environmental tobacco smoke, I 
question whether “the daily exposure of individuals 
can be estimated” accuratedly using global statistics 
as described in appendix A. Bv definition, exposure 
occurs to a nonsmoker in the presence of an active 
smoker. Couples or groups containing at least one 
nonsmoker and one person smoking are the appropri¬ 
ate statistical units, not the individual! Such groups 
are dynamic, especially at the worksite. In general, 
smokers mix with smokers and nonsmokers with non- 
smokers. Thus, office workers often control their own 
microenvironment. Likewise, at home, couples tend 
to be or to become alike in their smoking behavior. 
Consequently, it is quite difficult to estimate the typi¬ 
cal nonsmoker’s exposure to ETS accurately. It can be 
shown that the estimates given in this paper are over¬ 
estimates, caused by the authors’ disregard of the 
grouping of smokers and nonsmokers. 

Consider, for example, the derivation of exposure 
in the home (exposure at the worksite is much more 
dynamic and variable from site to site)i In Appendix 
A2 Repace and Lowrey consider adult couples in 
which the husband works and in which 42% of the 


wives are alko employed. From their sources, only 
37% of these couples have a nonsmoker exposed to 
ETS. Assuming that exposure requires contempora¬ 
neous occupation of the same space, it follows that 
these couples are together, at most, 34% of the waking 
day (the time given for the husband to be at home). 
Irrespective of which partner smokes the 32 cigarenes 
per day (cpd)iassumed for a typical smoker, the non- 
smoker is exposed at home to, at most , 32 x 0.34 = 
11 cpd and this occurs in 37% of all two-person 
homes. Repace and Lowrey estimate the exposure to 
be 22 cpd in 62% of homes! 

Now, consider Appendix A1 in which the exposure 
at the worksite is estimated. At no point in their argu¬ 
ment do the authors consider the aggregation of smok¬ 
ers with smokers and nonsmokers with nonsmokers. 
Instead they assume a perfect mixing of smokers and 
nonsmokers in deriving their estimates. If. on the 
other hand, all smokers worked with smokers and 
nonsmokers with nonsmokers, then the global! statist 
tics they use would still describe the population but 
there would be zero exposure to ETS! Repace and 
Lowrey■'$ estimates can only therefore be taken as an 
upper boundary to the upper limit of exposure to ETS. 

Their method of estimation may also be criticised 
on theoretical gfbunds. Here and elsewhere in the pa¬ 
per the authors multiply averages and assume that the 
resultant product is the average of the convolution of 
the two original statistical distributions. This is true 
only if the two variates axe independent. If not. then 


E(xy) = £(x) * £(y) + qc,o t 


where p is the correlation coefficient of x and y, o> 
the standard deviation t and £ is the expectation 
average. It is likely that the variate, air exchange raj 
is positively correlated with both density of occup 
bon and with respiration rate, and that duration 
exposure is negatively correlated with density of < 
cupation' and with respiration rate. The combined 
feet of these associations are unknown. 
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Appendix B 

In Appendix B, the mcxiel is given as 
P(D) = I - cxp(bD), 



where D is the exposure, b is a constant, and P{D) is 
the risk of a King cancer death. The use of this model 
may be criticised on the following grounds: 

• the relationship of passive smoking with lung cancer 
has not been shown to be a cause and effect relation¬ 
ship so that such modelling is, at best, premature; 

• “the assumption of a no-threshold effect for carcin¬ 
ogens is also unproved” (AbeIson, 1984); 

• ‘‘the ambient measurements may have little or no 
bearing on the amounts that actually reach the target 
tissue” (Doll, 1985), 

Thus, it is unlikely that such a simplfc model will 
adequately describe a complex process of carcinogen¬ 
esis, A more general approach recognizes that rumor 
response is a function of delivered dose, D m and that 
D m is a nonlinear function of D, the exposure. Thus, 
the one-hit model 

P = 1 - exp( - [a + bD\) 

is a special case of this relationship (Hoel et al 1983) 
where D has been substituted for D*. Hoel et al. 
(1983) give scenarios in which the ‘standard ap¬ 
proach/ extrapolated below the range of observed val¬ 
ues underestimates the dose required for a given tumor 
incidence by factors of 50 to 100. The “hockey stick” 
relationship for carcinogens whose metabolites form 
DNA adducts can easily be taken for a straight line 
relationship if the minimum observed exposure is 
above the curve on the “hockey stick” (Hoel et al., 
1983). In a comparable situation to environmental to¬ 
bacco smoke, the delivered dose/administered dose of 
formaldehyde in ambient air was shown to be signify 
candy nonlinear (Casanova-Schmitz et al., 1984). 
Starr and Buck (1984) show that four common dose- 
response models, the probit, logit, Weibull and multis¬ 
tage, all fined the observed data on cancer risk from 
formaldehyde inhalation and could not therefore be 
discriminated among on the grounds of goodness of 
fit. Assuming that these models can be compared in 
fitting both administered and delivered dose curves, 
Starr and Buck (1984) show that, in all models the use 
of delivered dose gave lower estimates and lower up¬ 
per confidence limits of cancer risk for a given low 
administered dose. More important, the range of the 
upper confidence limits increased among models as 
the administered dose fell. 

In the above two srudies the examples are based on 
animali exposures with zero tumors at zero dose. The 


Letters to the editor- 

one-hit model used by Repace and Lowery likewise 
has a zero intercept termi This is equivalent to assum¬ 
ing that the mortality rate of lung cancer is zero in the 
absence of £TS. Thus, yet agaim Repace and Lowrey 
assume ETS to be the sole cause of lung cancer in the 
nonsmoker! 

Appendix C 

Here, Repace and Lowrey (1985)'use unpublished 
data on Jung cancer deaths (LCDs)i in> two groups of 
nonsmokers, followed roughly for the same period. If 
we accept that biases in ascertainment, classification 
and recording of LCDs are comparable in these two 
groups of SDAs and non-SDAs, then what? As before. 
Repace and Lowrey (1985) ascribe this difference so- 
ley to differences in exposure to environmental to¬ 
bacco smoke (ETS). We are not, however, given the 
death rates from other causes of death in these two 
groups. If the death rates for motor vehicle accidents 
differ in the two groups, would Repace and Lowrey 
ascribe this difference likewise to differences in ETS? 
Again if mortality from cancer of the reproductive 
system is higher in SDA women than in non-SDA 
nonsmokers, would Repace and Lowrey assume that 
passive smoking had a protective effect? 

In an editorial comment on a prospective study over 
a 20-yr period, the conclusion is questioned that eating 
fish is beneficial to health, although a lower mortality 
from heart disease is demonstrated. The editor points 
out that fish consumption may be associated with 
higher rates from other causes of death (Glomset. 
1985), A similar problem exists with this method o: 
estimation. 

Conclusion 

In some situations, a case can be made for reversing 
the usual definitions of the null and alternative hy¬ 
potheses (Anderson and Hauck, 1983). This, how¬ 
ever, is not one of them. The null hypothesis that 
passive smoking and lung cancer mortality are 
causally unrelated still stands. Until it is rejected, I 
consider it irresponsible to apply risk management' 
techniques, even if they had been applied correctly: 

S. James Kilpatrick. Jr. 
Medical College of Virginia 
Richmond; VA, USA 
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Summary Epidemiological siudie> or active >mokers have shown that the durauon of smoking has a much 
greater effect on lung cancer risk 1 than the amount smoked This observation suggests that passive smoking 
might be much more harmful thani would: be predicted from measures of the level of exposure alone, as iti is 
often of very long duration frequently beginning in early childhood. In this paper we have investigated this 
using a multistage modellwtth five *tjgc* The model is shown to provide an excellent fit to data on the 
incidence of lung cancer among smoker*, ev-smokers and non-smokers in a cohort of male British doctors. 
Contrary to our expectation the model!predicted only a slight increase m relative nsk with increasing duration 
of passive exposure Allowing for exposures early in life does not therefore explain the discrepancy between 
the relative nsk of about 15 calculated fromi epidemiological studies of lung cancer and the low level* of 
exposure indicated by coltmnc measurements in those passively exposed j v 


It has been suggested, using data from epidemiological 
studies of lung cancer and passive smoking (re. exposure to 
other people's tobacco smoke), that the relative nsk of lung 
cancer among nomsmokers living with smokers, compared 
to non-smokers living with non-smokers is about 1.5 (see. 
for example. Wald era!:. 1986), This estimate of relative nsk 
is considerably higher than one would predict on the basis of 
studies of coiminc levels in non-smokers living with smokers 
(Committee on Passive Smoking. 1986); It is clear that 
epidemiological studies of passive smoking are particularly 
difficult to carry out because of the large errors inherent' in 
obtaining adequate histones of such past exposure and 
because the studies need to avoid even slight biases as the 
relative risks involved are small. 

Epidemiologicali studies of active smokers have however 
showm that the duration of smoking has a much greater 
effect 1 on: lung cancer nsk than: the amount smoked For 
example heavy smokers (30 cigarettes per dayjiof 15 years 
duration have been shown to have only about one tenth the 
excess lung cancer nsk of moderate smokers (1 S< cigarettes 
per day) who have smoked for 30 years, although the total 
number of cigarettes smoked is the same (Peto & Doll. 
I9b4> This observation suggests that exposure to tobacco 
smoke at the low levels incurred dunng passive smoking 
might be muchimore harmful than would be predicted from, 
measures of the level: of the exposure aldne. as passive 
exposure is often of very long duration frequently beginning 
in early childhood. 

In this paper, we have investigatedvthe possible effects of 
such long duration exposure to passive smoking starting in 
childhood by modelling the effect of cigarette smoke on Iting 
cancer incidence using a multistage model, and compared the 
estimates so obtained to those observed in epidemiolbgical 
studies. 


A multistage model for lung cancer 

The model 

The idea that a cancer is generated only after a cell has 
undergone a senes of distinct, ordered! transformations or. 
'stages' was introduced to explain the observation that the 
mortality rates for many sites of cancer that are epithelial in 
ongm increase as the fourth, fifth, or sixth power of age 
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Multistage models have also been highly successful in des¬ 
cribing many features of experimental carcinogenesis, for a 
review see Peto (1977) or Day (1983). The model as pro¬ 
posed originally by Armitage & Doll (1961) is the best 
known formulation and a brief description of it is given in 
the Appendix. In this formulation, if there are k stages 
involved for. the cancer in question (normal cell*stage ’O'. 

stage 1.stage k = cancer cell), we denote the probability 

that a cell which is at stage /-I transforms into stage r in 

unit ume as a a r*l. k. According to this model, if 

these a, remain constant throughout life, and if the time for 
a fully transformed malignant cell to grow into a clinically 
detectable tumour is ignored, then the incidence rate at age t 
wtll be proportional to /*“*. It follows that if the logarithm 
of! the age-specific incidence rates are plotted against the 
logarithm of age. then the plotted points will fall oni a 
straight line with slope k\— 1. 

Data on the incidence of lung cancer in non-smoking US 
males have been published by Kahn (1966) and Hammond 
11966). and together include 127 cases of lung cancer. The 
data have been combined by Doll (1971) and arc reproduced 
m Figure I! It can be seen that they he very close to a 
straight line with slope four, indicating that five stages arc 
appropriate in the model for lung cancer. Among regular 
cigarette smokers the incidence rises more rapidly with age. 
and' the slope of the line is about seven, but when the rates 
are plotted against duration of smoking, rather than age. the 
incidence again rises approximately as the fourth'power, sec 
Figure I (Doll! 1971). 

In order to understand which stages in the multistage 
model are affected by smoking, n is necessary to consider 
the following two cntical epidemiological observations 
Firstly the fact that age at starting to smoke and duration of 
smoking are critical determinants of lung cancer risk, and 
secondly the fact that after stopping smoking the incidence 
rate remains approximately at the level when smoking 
stopped (Doll & Peto. 1976). In terms of the multistage 
model, these can be shown to imply that cigarette smoke has 
a strong effect on an early stage, probably the first, and also 
that it affects a late stage, but not the last (Doll. 1978- Day 
& Brown. 1980) When attention is restricted to smokers of 
cigarettes only, who also Have a record of unchanging 
smoking habits, the relation between Ibng cancer incidence 
and number of cigarettes smoked per day is greater than 
linear, see Figure 2. and this provides additional evidence 
that more than one stage in the processes affected (Doll & 
Peto. 1978):. 

Ih the preseni paper we first show that a multistage model 
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Years 

Figwe I Incidence of bronchial carcinoma in non-smoker* by 
age iA) and in regular cigarette smokers by age <•) and 
duration of smoking id Solid lines have slope 4. Data for nont 
smokers from Doll (I97|. Table VI). Data for smokers from 
Doll A Peto (1978) Table II. directly standardized for amount 
smoked j 


with five stages in which cigarette smoke afTects the first and 
the fourthi stage provides a highly satisfactory description; of 
the patterns of lung cancer observed among active cigarette 
smokers. The patterns of lung cancer risk predicted by the 
model when the quantity of cigarettes smoked per day is 
very low, such as might effectively be smoked under con* 
diuons of passive exposure, are then explored. 

A c /nr smokers 

Data on the numbers of King cancers diagnosed and the 
distribution of mantyears from a 20-year prospective study 
of male British doctors have been published by Doll Sc Pcto 
(1978) for people who either reported that they were lifelong 
non-smokers, or who reported that they had smoked cigar¬ 
ettes regularly since early adult life, without either giving up 
or changing their consumption by more than five cigarettes 
per day. and who also reported no current or previous use of 
cigars or pipe. The data are available in the form of numbers 
of diagnosed lung cancers and man-years at risk in Tables II 
and III of Doll & Peto (1978) by current age in five-year 
groups, and numbers of cigarettes smoked per day (Never 
smoked. 1-4. 5-9. 10-14. etc.)., 

The lung cancer nsk at age /. as predicted by our 
multistage model, for an individual who started smoking at 



Figure 2 Comparison of dose-response observed in British 
doctors' study with that obtained from the proposed muiu-»uee 
model! • - Relative risks indirectly standardized for *ee from 
Doll & Peto (1978). Table IV: (Printed values have been divided 
by 0 081 so that O'cigarettes per day takes value 1 ) Solid line - 
Relative risks predicted from the model Values plotted are 
weighted sums of age-specific relative nsks with weights equjl to 
those used by Doll Sc Peto (1978). Table IV. tor indirect 
standardization. 


age s and from then on smoked c cigarettes per day. relative 
to a lifelong non-smoker, is given in the Appendix It 
depends on two parameters, b x and b 4 . which are respec¬ 
tively the proportional amounts by which the rate of trans¬ 
formations to the first and the fourth stages of the 
carcinogenic process art increased by each cigarette smoked 
per day: specifically o, becomes a x ( \ +cb t ) and becomes 
aj I during the time in which c cigarettes per day are 

smoked. The values of the parameters b v and b A were 
estimated by the method of maximum likelihood, conditional 
on the total number of incident lung cancers in each age 
group, and using data from the British doctors* study for 
individuals who were aged from 40 to 79 years, and who 
smoked up to 40 cigarettes per day We have ignored! data 
on doctors who reported smoking more than 40 cigarettes 
day. as did Doll and Peto in their analysis: a full discussion 
of’the reasons for omitting them is given in Doll & Peto 
(1978). In the data alJ the doctors had started smoking whom 
they were between 16 and 25 years old. In estimating h- x and 
b A it was assumed for simplicity that all the smokers had 
started smoking at 20 yean of age. This method! of fitting 
enables the effect of cigarette smoking to be estimated in 
terms ofi relative nsks. To make predictions m terms of 
absolute incidence rates we have assumed in what follow* 
that the incidence rate in non-smokers at age 60 is'cqpal to 
that observed in the data on non-smokers in Figure I 
The estimated values for b x and b A are 0.29 and 0 57 with 
estimated standard errors of 0.32 and 0.35. The fit of ihc 
model to the British doctors' data is excellent Pearson * 
goodness-of-fit statistic is 52 4 and the residual deviance i* 
5I.F. both of these statistics have 54 degrees of freedom and 
thus provide no evidence of a poor fit to the data A plbi ot 
standardized residuals against normal order statistics indi¬ 
cated that the model fitted the data well, and plots of 
residuals against both current age and number of cigarette* 
smoked per day gave no evidence of systematic departures 
fromi the model, 
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The ability of the model to reproduce the main features of 
cigarette smoking, as observed in the British doctors' study, 
is illustrated in Figures 2 to 4 In Figure 2 it can be seen that 
the dose response relationship from the multistage model! 
reproduces very closely the approximately quadratic relation¬ 
ship observed m the data. Figure 3 shows the annual 
incidence of lung cancer in smokers and non-smokers as 
predicted by the model. The predictions have been made 
assuming that all smokers started smoking on reaching age 
20. and smoked 20 cigarettes per day. These values are 
similar to the average values of 19.2 years and 18 cigarettes 
per day observed in the British doctors’ data. By comparing 
Figures 1 and 3 it can be seen that, once again, the proposed 
model reproduces very clbsely the patterns of increase in 
Jung cancer incidence seen in the original data. 

Figure 4a shows data on the risk of lung cancer among 
British doctors who stopped smoking, by time since stop¬ 
ping. relative to their nsk at the time they stopped. For 
comparison, nsks are shown on the same scale for con¬ 
tinuing cigarette smokers and lifelbng non-smokers. The 
beneficial effect of stopping smoking is evident within five 
years, and there is a possibility that the incidence rate may 
actually decrease during the first 10 years after stopping 
smoking; However, the data are too few to be certain that 
this is so. and it is dear that the risk keeps well above that 
for lifelong non-smokers (Doll, 1978) The equation predict¬ 
ing the effect of giving up smoking according to the 
multistage model is given in the Appendix, and it is illus¬ 
trated in Figure 4b. where it is assumed that the smokers 



Figure 3 Incidence of bronchia) carcinoma as predicted by the 
model in non-smokers by age (A) and in smokers of 20 
cigarelies per day from age 20 by age (•) and duration of! 
smoking i Q'y Solid imes have slope 4 
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Figure 4 Companion of the effect of stopping smoking 
observed in Bntish doctors* study with that obtained from the 
proposed multistage mode) Rjsk is measured relative lo the nsk 
in a regular cigarette smoker at ihe ages at which smoking was 
stopped ia> Dala from Bntish doctors* study amd US non- 
smokers standardized for amounti smoked at time of stopping 
(Data from Doll. 1978. chan 6. reproduced wuh permission.) (bj 
Predictions from ihe model, assuming smokers consumed! 20 
cigarettes per day from age 20 lo age 50. and then slopped 


consumed 20 cigarettes per; day from age 20 to age 30 and 
then stopped As was seen in the doctors’ study, the 
beneficial effect of stopping is seen after only a few years, 
and the nsk among those who stopped is clearly inter¬ 
mediate between those seen in continuing smokers and im 
lifelong non-smokers From the model predictions there is no 
suggestion that the relative nsk falls below one in the first 
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few years after stopping, and using the equation for the 
relative risk in an ex-smoker shown in the Appeodix it can 
be shown that under the proposed model the incidence of 
lung cancer will never decrease below that already reached at 
the time of stopping smoking regardless of amount smoked 
or ages at starting and stopping. There is evidence from 
pathological studies of tracheo-bronchtal trees that the 
number of atypical nuclei m the bronchial epithelium dimi¬ 
nishes on cessation of smoking (Auerbach etai, 1962), and 
this observation lends some support to the idea that the nsk 
of lung cancer might actually decrease in the first few years 
after giving up smoking. However, the slight discrepancy 
between the observations on British doctors and the predic¬ 
tions from the model could also be accounted for by random 
variation, or by the fact that individuals who succeed in 
giving up smoking were less likely to inhale than continuing 
smokers (Doll & Hill, 1964). 

Overall the ability of this multistage model to reproduce 
the mam features of cigarette smoking, as observed in the 
British doctors' study seems remarkable. 

Passive smoking 

The predictions of the model when the number of cigarettes 
smoked 1 per day is low, including the range of exposures 
indicated by the nsks observed in epidemic l bgica! studies of 
passive smoking, are shown in Table I. The predictions have 
been made for an individual aged 65 assuming first that the 
individual was exposed continuously from birth, secondly 
that the individual was unexposed until age 20 but exposed 
continuously since then, as might happen for a nonsmoking 
individual who married a smoker or started work in a smoky 
environment at age 20, and thirdly that the individual was 
exposed only between birth and age 20, as might occur in 


individuals whose parents smoked, but who were not other¬ 
wise exposed. A number of points emerge. First, on a 
relative scale at least, the nsks are substantial! The predicted 
effect of smoking the equivalent of only one cigarette per 
day from birth to age 65 is to increase lung cancer nsk by 
more than 75%, while if exposure starts at age 20 the nsk is 
increased by 46% and if exposure is limned to childhood the 
nsk is increased by 23%. Secondly, for exposures up to the 
equivalent of three cigarettes per day, exposure in childhood 
only is predicted to incur about half the increase in nsk of 
exposure at the same level in adult life only: Thirdly, and 
most strikingly, although' the nsk is greater if exposure 
occurs both in childhood and in adult life than if it occurs in 
only one of the two penods. the drastic increase in nsk with 
increasing duration of exposure, seen in active smokers, is 
absent. For example, exposure at the rate of one cigarette 
per day from birth to age 65 incurs only a 21% greater 
relative risk than exposure at the rate of one cigarette per 
day from age 20 to age 65 (1.77 compared with 1.46). Direct 
analogy with the efTect of duration of smoking as seen in 
active smokers of around 20 cigarettes per day would have 
predicted nearly a four-fold increase. 

The importance of duration of exposure in determining 
the increase in relative nsk diminishes with diminishing level 
of exposure. This is illustrated in Table II where the lung 
cancer relative rtsks predicted by the model are shown for a 
wide range of levels of exposure. For smokers of 20 cigar¬ 
ettes per day, relative nsks by age 60 are more than 50% 
greater than they were at age 40. but at low levels, such as 
half a cigarette per day, the proportionate increase in relative 
nsk is less than 3% over the same penod. 

The above calculations have all been made assuming that 
the Bntish doctors were not themselves exposed to passive 
smoke. As regards exposure in childhood this assumption is 


Table 1 Effect of passive smoking on lung cancer nsk ai age 65. as predicted by the 

model 


Risk relative to a non-exposed non-smoker 


Effective passive 
smoking {cigarettes 
per day equivalent) 

Exposure from 
age 0 to 
age 65 

Exposure from 
age 20 to 
age 65 only 

Exposure from 
age 0 to 
age 20 only 

0.00 

WOO 

LOO 

LOO 

010 

1.07 

1.04 

1.02 

0.20 

LI4 

1 09 

LOS 

0.25 

1.17 

U1 

1 06 

0.50 

1.36 

L22 

III 

LOO 

1.77 

L46 

1.23 

1.50 

2.23 

1.71 

L34 

2.00 

2:75 

1.97 

1.46 

n 3.00 

395 

2.52 

L69 

400 

5.36 

3.13 

L93 

5.00 

6.98 

3 78 

2.16 


Table 11 Lung cancer risk predicted from the model for smoking a constant 
number of cigarettes per day starting at age 20. Figures shown are nsks relative to 
that for a noa-expoaed non-smoker by current age and number of cigarettes per 

day 


Cigarettes per day 

Current ' “ ’ 


age 

01 

05 

1,0 

5.0 

100 

200 

50 0 

40 

1.036 

LI84 

L37 

2 99 

5 31 

10.96 

17 94 

50 

1.040 

1.202 

L4t 

3 33 

6 36 

14 50 

25.42 

60 

L042 

L2I6 

1.44 

3.64 

7.33 

1790 

32 7! 

70 

1044 

1.228 

1.47 

3 91 

8.21 

21.01 

39 39 

80 

L046 

1,238 

L49 

4 14 

8 99 

23.76 

45.32 


Above relative nsks divided by 

relative risk at age 40: 


40 

LOOO 

1.000 

too 

too 

LOO 

1.00 

L00 

50 

I 003 

L016 

(.03 

M2 

1.20 

(.32 

1.42 

60 

L006 

L027 

1.05 

1.22 

1.38 

1.63 

t .82 

70 

1.008 

1037 

1.07 

1.31 

1.55 

1.92 

2 19 

80 

1 009 

1.046 

109 

L39 

1 69 

2.17 

2.52 
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probably reasonable, as all individuals would have dates of 
birth before about; 1926. In the 1920s cigarette consumption 
among women (including the mothers of the British doctors) 
*as very low. while that among men was less than in 
subsequent years (Lee, 1976). In contrast, passive exposure 
in adult life may well have been substantial in the doctors’ 
cohort by present day standards, as the vast majority of 
men. doctors included (Doll & Peto, 1976), smoked cigar¬ 
ettes in i 1951 when the cohort was identified, and when there 
uas little public awareness of the nsks of either active or 
passive smoking In order to illustrate the possible effect of 
passive smoking among the British doctors on the predic¬ 
tions shown in Table I, estimates of the parameters in the 
multistage model were recalculated assuming, as an example, 
that all the doctors, both smokers and non-smokers, were 
exposed to passive cigarette smoking at a rate equivalent to 
one cigarette per day throughout their adult life The revised 
model predictions from this example are shown in Table III. 
The general effect of making the allowance for passive 
smoking is a small increase in the predicted relative risks 
which »s of the order of 10 to 20% for passive smoking 
exposures of half to one cigarette per day equivalent. For 
exposures of five cigarettes per day, larger increases in 
relative nsk are implied, and for an individual who has been 
exposed at a rate of five cigarettes per day from age 20 the 
predicted nsk at age 65 relative to a lifelong non-smoker is 
increased by nearly 40% from 3.78 to 5.24. However the 
general conclusions based on the predictions in Table I 
remain unchanged. In practice non-smokers are. of course, 
likely to have much less passive smoking exposure than 
smokers; when this ts taken into account the changes shown 
in Table III art. of course, reduced and the true effects are 
thus likely to be bounded by the results in Table I and Table 
III 


Discussion 

Multistage models for the development of cancer are pos¬ 
sibly no more than a crude mathematical description of a 
complex biological process Nevertheless the proposed multi¬ 
stage model has been shown to provide an accurate coherent 
summary of the patterns of lung cancer nsk among active 
smokers, ex-smokers, and nontsraokers. It is likely therefore 
also to provide good estimates of the pattern of lung cancer 
nsk following exposure equivalent to smoking between O.f 
and five cigarettes per day. It should also provide a reason¬ 
able guide to the consequences of environmental exposure to 
other people’s smoke (passive smoking). It should in particu¬ 
lar provide guidance on topics on which accurate human 
data is likely to remain sparse, such as the likely effects of 
variation in the age at which passive exposure began and of 
variation in the duration of such exposure, although of 


course in the absence of validatory data it cannot be 
concluded with certainty that the model predictions in this 
low dose range are correct. 

Among active smokers, age at starting to smoke and 
duration of the smoking habit strongly determine the nsk of 
lung cancer, and these features are accommodated in our 
model by the assumption that exposure to cigarette smoke 
affects the first stage. We therefore anticipated that the 
model would predict a substantial increase tn relative nsk for 
exposures starting in early childhood. However, our expec¬ 
tations were not supported by the model predictions, which 
indicate an increase in the relative nsk of no more than 
about 20% for exposure starling at birth compared to 
exposure starting at age 20, for exposures equivalent to the 
range one tenth to one cigarette per day. If the ‘adult 
exposure’ had been assumed to Sian at an earlier age than 
20, reflecting the fact that in recent surveys in Britain the 
median recalled age at starting to smoke is 16-17 (Wald ei 
at., 1988), the increase in relative risk for lifelong exposure, 
as compared with exposure in adult life only, would have 
been even smaller. 

The relative risks associated,, with exposures in the range 
one tenth tp one cigarette per day are ltss than two. and are 
thus smaller than the underlying background nsk of lung 
cancer due to causes other than cigarettes,* Exposure to at 
least some of these is likely to commence at birth or in early 
childhood. On this basis it is more helpful to think of the 
early commencement of passive smoking at rates equivalent 
to one cigarette per day or less as an increase in the dose of 
an existing carcinogenic exposure rather than an increase in 
the duration of passive smoking exposure. 

In terms of the mathematical formulation of the model 
given in the App e ndix, it is clear from the expression for 
f), the incidence rate at age / in the smoker of c 
cigarettes per day since age j, that as c increases the term 
involving which involves duration to the fourth 

power, will begin to dominate. For small values of c (iie. less 
than b~ x and b~ l ) it can easily be shown that the term 
involving cb A , which increases only very slowly with 
duration, will I play the major role in determining the inci¬ 
dence rate for values of 6,, 6 4 , s and / that are of concerm 
here. In non-mathematical tenns this amounts to the fact 
that, for active smokers of a substantial number of cigar¬ 
ettes, the incidence rate of lung cancer is determined by the 
effect of smoking on both the first and the fourth stages In 
contrast, at levels equal to the numbers of cigarettes effec¬ 
tively smoked by passive smokers, the effect of those cigar¬ 
ettes is primarily on the fourth stage, and its effect on the 
first stage is relatively minor. 

Wald ti at. (1986) have reviewed the 13 epidemiological 
studies of lung cancer and passive smoking which have been 
earned out in six different countries. When the results are 
combined, these studies suggest that the relative risk of lung 
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TaMe ni Effect of passive smoking on lung cancer risk at age 65. as predicted by 
the model, allowing for passive smoking at a rate equivalent to smoking one cigarette 
per day from age 20 in the Bnush doctors 


Effective passive 
smoking [cigarettes 
per day equivalent) 

Risk relative 

to a non-exposed 

non-smoker 

Exposure from 
age 0 to 
age 65 

Exposure from 
age 20 to 
age 65 only 

Exposure from 
age 0 to 
age 20 only 

0.00 

1.00 

100 

100 

0.10 

109 

1.06 

1.03 

0.20 

I 19 

113 

1 05 

0 25 

1L23 

116 

1.06 

0.50 

1149 

1-33 

M3 

1.00 

2 07 

1.68 

1.25 

1.50 

2:75 

205 

1.38 

2:00 

3:51 

2.44 

I 51 

3 00 

5 31 

3.29 

1.76 

4.00 

7.48 

4.2 2 

2.03 

5,00 

10 01 

5.24 
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cancer among non-smokers living with smokers compared to 
non-smokers imng with non-smokers is about 1.35. WaJd et 
oh estimated that adjustment for the likely extent of mis- 
classiftcation of some current smokers and some ex-smokers 
as non-smokers (never-smokers) reduces thjs estimate to 
1.30, but estimated that allowance for the fact that people 
living with non-smokers may still be exposed to other 
people’s smoke increases the estimate to 1.53 {This latter 
adjustment is similar in magnitude to the effect of allowing 
for exposure to environmental i tobacco smoke among the 
British doctors in estimating the parameters of our multi¬ 
stage model, see Tabic III.) 

Although the US National Academy, of Science's Com* 
mittee on Passive Smoking (il 986) accepted the estimates of 
Wald et ah . other authors have disputed them and claimed 
that the increased lung cancer nsk seen among non-smokers 
exposed to passive smoking is largely the effect of bias due 
to the misclassification problems we mentioned above. For 
example. Lee (1987) suggested, on the basis of recent surveys 
carried out in the UK for the Tobacco Advisory Council, 
that the proportion of true ex-smokers amongst persons 
claiming to be lifelong non-smokers was double the estimate 
used by Wald et al. Let also suggested that the average 
number of cigarettes per day smoked by current smokers 
claiming to be non-smokers was considerably more than 
estimated by Wald et al. and was at least half that of peopli 
admitting to being smokers. These assumptions lead to a 
much lower estimate for the lung cancer nsk from passive 
smoking, and Lee concluded that almost no lung cancer is 
caused by passive smoking. In our opinion, Lee's estimate of 
the average number of cigarettes smoked per day (an 
important determinant in the risk estimation) among current 
smokers claiming to be non-smokers seems excessive, but it 
is hard to judge on the basis of published data how either 
the estimates of Wald et al. or Lee relate to the individual! 
studies that led to the combined estimate of 135, Further 
work is required on the extent of misclassification in the 
actual populations in which the epidemiological studies were 
done. 
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Afffdix 

h is assumed that there are five ordered stages in the carcinogenic 
process, that the rate of transition of i cell from stage to stage is 
constant in time apart from specified increases in the exposure 
intensity, that tumour growth time is negligible and that tumours are 
rare 

Let P*IM be the probability that a specific cell has undergone four 
changes at time r. When exposure is to background exposure 
intensities only, let P 4 |/) be denoted by Pjir). and Id the transition 
rates from stage to stage be o,. i- I_5. Ji follows that 

PSm-A, Jfl* ja y j a 2 j aidx^xjdx^xt 
o o o o 

4! 

where L, is a constant. If/°(r) is the associated incidence rate of lung 
canceri for a background only exposed individual at age r. then 

/ p m-*,<i s P2ir> 

•» k jd 2 ff| r*/4!. 

where k 2 and E, are constants that include an allowance for the 
number; of'cells in the individual at risk of developing King cancer 
For an individual who begins to smoke cigarettes at age s at the 
rate of r cigarettes per day and continues to smoke until age /. let 
the transition rate from stage zero to stage one be altered from c, to 
< 2 ,| I -fchjl after age s, and similarly lei that for stage three to stage 
four be altered from a A to aj 1 + c6*). In such a smoker, let the 
probability that 1 in any individual cel) the first fi-I) transitions 
occur before age s. and the remaining (5-0 after that age be 
denoted by P**1i.r) for r*I_4. Then 


PVU.rj - k t ( a! f a? { a*dx t ...dx A 

* * » 

x J fl - I ! *.-j / o,4x v . .dx,. r 

0 0 0 

where a\ - aj J ■+ cb A l Oy o$ «Oj. and af- 0,11 + chj. and the 

probability: Pils.rl. that the smoker has a specific cell that has 
undergone 4 changes at time i is given by 

Pi(s./K | PVYO 

It follows straightforwardly from substitution that the lung cancer 
incidence rate at age r in the smokeT of c cigarettes per day since age 
s. PU./I. is given by 

PU;f| ^k\a i a A a i a 2 a t t* , 4\ x[1 + cb|lf - s)* i* 

+ cbj) - s*/t*) +: c 1 b , bjt - s )'* /*] 

and the age-specific relative risk 1 for such an individual compared to 
a lifelong non-smoker of the same age. P'U.ih is given by 

P'ls.O^ I -f cfr'itf—j) 4 /f* + c6j I + -j| 4 r 4 . 

By using a similar argument it can bAthown that for an individual 
of age / who began to smoke cigarettes it the rate of c per day untill 
stopping at age u. the age specific risk compared to a lifelong non- 
smoker* JP(j,u,r) is given by 

R'Us. u. (I - 1 -f cb, {(r - r) 4 - 0 - «) 4 }/l 4 + cbju*-s*l/r* 

+ c*b | £>*! y “ s) 4 // 4 . 


/ 




Source: https://www.industrydocuments.ucsf.edu/docs/szpxOOOO 


2023513620 




Source: https://www.industrydocuments.ucsf.edu/docs/szpxOOOO 



3* - Cjme r . Si 


C MicmiJIan ?rm L;d I990 


LETTERS TO THE EDITOR 

Lung cancer and passive smoking 


Sir-Darby and Pike 11988* 58. 825) use a multistage model 
together with data on smoking and lung cancer to estimate 
the effect of exposure to other people's smoke on. the nsk of 
lung cancer They pvt examples of the expected risks accord¬ 
ing to levels of passive smoking, expressed in terms of the 
number or equivalent cigarettes per day actively smoked. 

In our review of the epidemiological studies of lung cancer 
and exposure to other people s tobacco smoke, we estimated 
that the nsk of lung cancer among non-smokers living with 
smokers was about 50% higher than the nsk in non-exposed 
non-smokers (Wald et al.. 1986). This nsk. according to 
Darby and Pike, is approximately equivalent to smoking 0.5 
cigarettes a day from birth to age 65 years, and they con* 
elude it is some 5-1(7, times too high in the light of the level 
of biochemical markers of tobacco smoke exposure that have 
been measured in non-smokers We did not think that this 
was so in our review and we are still of the opinion that the 
biochemical data are broadly in line with the estimates of 
nsk based on epidemiological studies. 

In our study of the principal marker, unnary eotinme 
(W'ald et al 1984; Wald k Ritchie. 1984). the mean level in 
non-smokers who lived with smokers was about 1 l 5% (cued 
in Wald et al . 1986: US National Academy of Science’s 
Committee on Passive Smoking. 1986: Barlow k WaJd. 1988) 
of the mean level found in active smokers, equivalent to 
smoking about 0.3 of a cigarette per day if active cigarette 
smokers typically smoke 20 cigarettes a day (1.5% of 20). An 
exposure equivalent to smoking 0.3 of a cigarette a day is 
similar to the estimate of 0.5 of a cigarette that would, 
according to the model adopted by Darby and Pike, ‘explain’ 
a 50% Higher nsk of having King cancer in passive smokers. 

R« far t a cts 

Barlow rd a WALD, n j |1988>. Use of unnary coo rune to 
estimate exposure to tobacco smoke. JAMA. 23*. 1808. 

JARVIS. M . TUNSTALL-PEDOE. H. FEY ERA BEND. C.. VESEY. C A 
SALLOOJEE. Y (1984) Biochemical markers of smoke abaorpuon 
and self reported exposure to passive smoking. J Eptdemtol. 
Comm Health. 3k 335. 

NATIONAL RESEARCH COUNCIL (1986), En m tvn m tal Tobacco 
Smoke Measuring Exposures and Assessing Health Effects. 
National Academy Press Washington. DC. 


Response to the letter from Dr. Wald 

Sir- Wald and his colleagues question the conclusion we 
reached in our recent paper that there is a discrepancy 
between the low levels of exposure indicated by eotinme 
measurements in those passively exposed to cigarette smoke 
and the high relative nsk for lung cancer of 1.5 from passive 
smoke exposure estimated by Wald et al (198b) from epi¬ 
demiological studies. - “ 

As noted by Wald and his colleagues, an important reason, 
for the difference in our estimates is that we considered the 
unnary coucune levels of passive smokers to be 0.6-0.8% 
that of active smokers, whereas they considered a figure of 
H5% to be more appropriate. Our figures were derived from 
Tables I and II of Jams et al. (1984). These data compared 
27 non-smokers reporting ‘some* or *a lot’ (there was no 
difference m the data from these two groups) of exposure to 
passive smoke to 94 smokers. The mean unnary eotinme for 
these 27 non-smokers reporting passive smoking exposure 
was 8 8 ng ml" 1 while that for the smokers was 1.391 0. so 
that the ratio is 0 63% (8 8/1.391.0). A slightly higher figure 


The half-life of serum couninc in non-smokers may be about 
50% greater than in smokers and. if this were the case, our 
estimate would become 0 2 instead of 0 3 

The pnnopal reason for the difference in the estimates of 
Darby and Pike and our own anses from their use of data on 
unnary cotmine ieveli in passive smokers showing levels of 
0)6-0 8% of active smokers (Jarvis et ai. 1984); We believe 
that the figure of 1.5% is more appropriate than that of 
Jarvis and his colleagues because they did not classify co¬ 
tmine leveii by the smoking habit of the person the subject 
lived withi which is needed when companng the results wnh 
similar epidemiological data. They also excluded self-reported 
non-smokers with plasma eotinme levels greater than 
20 ng ml - ', which is likely to have excluded some individuals 
who. while not smokers themselves, were nonetheless heavily 
exposed to environmental tobacco smoke. 

Beanng to mind the recognised uncertainties and diffi* 
culues involved in extrapolating from the biochemical data to 
the epidemiolog)cal dau. there does not seem to be an 
obvious discrepancy between the two 
Yours etc. 

Nicholas Waidi Kiran Nanchahal k Howard Cuckle 
Department of Environmental and Preventive Medicine. 

St Bartholomew’s Hospital Medical College. 

Charterhouse Square. London EC1M 6BQ. UK. 

k Simon Thompson. 

Department of Clinical Epidemiology . 

and General Practice. 

Roval Free Hospital School of Medicine. 

Rowland Hill Street. London NW3 2PF. UK 


WALD N J . BOREHAM. j BAILEY A RITCHIE. C . HADOOW j E 
A KNIGHT G (1984): Unnary conn me u marker of breathing 
other peopk i tobacco smoke. Lancer. L 230 
WALD. NJ. NANCHAHAL. K. THOMPSON. SC A CUCKLE. HS 
(1986) Does breathing other people i tobacco smoke cause lung 
cancer 1 Br Med. J . 291, 1217 

WALD. NJ A RITCHIE. C (1984). Validation of studies on lung 
cancer in non-smokers (named 10 smokers. Lancet. L 1067 


is obtained if plasma and salivary values are considered/ and 
for this reason we gave a range of 0.6 -0 8%. In addition to 
these 27 non-smokers, there were 79 non-smokers with none 
or a little’ exposure to passive smoke, and 21 persons claim¬ 
ing to be non-smokers but whose level of plasma counme 
was according to the authors incompatible with their claim. 
Only one of the 100 accepted non-smokers (mean plasma 
eotinme, I.5ngml*') had a plasma eotinme value above 
10 ng ml - * (actual value Mngml - '). whereas all the 21 
‘deceivers’ had values above 20 ng ml -1 with a mean value of 
239.3. which was 87% of the mean value for the declared 
smokers Excluding those deceivers seems completely justified 
to us. 

Taking, as do Wald and his colleagues, our high figure of 
20 cigarettes per day consumption for smokers, and allowing 
a factor of 2/3 to account for the different half-life of co¬ 
tmine in smokers and non-smokers, the cigarette equivalent 
exposure of passive smokers is estimated to be 2/3 x 0.63% 
of 20 cigarettes per day or 0.08. which is soil only one-sixth 
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of the lowest equivalent amount {0.5 cigarettes per day) that 
the multistage model predicts could cause a relative risk of 
1.5: Clearly classification of counine levels by the smoking 
habit of the person wuh whom the subject lived might alter 
these figures, but we have been unable to find any data 
subdivided in this way in which efforts have also been made 
to exclude deceivers. 

As we stated in our paper, it may simply be that codnine is 
not an adequate measure of the exposure of non-smoken to 
the carcinogenic components of cigarette smoke. It is also 
possible that, given all the uncertainties and unknowns in¬ 
volved. in particular knowledge of the comparability of the 
passive smoke exposure of those in the lung cancer 

JARVIS. M . TLNST ALL-PE DOE. H . FEYERAAEND C . VES1Y. C A 
SaLLOOJEE. Y, < 1914) Biochemical marten of smoke absorption 
and self reported exposure to passive smoking. J Epttirmtol 
Comm Health. 38, 335 

WALD. SJ. NANCHAHAL. K THOMPSON. SC A CUOCLE. H S 
119861 Does breaihm| other people s tobacco smoke cause lung 
cancer 1 Br W ed. J. 29X 1217 


case-control studies to those in the surveys of Jarvis et al. 
(1984) and of Wald and Ritchie (1984). a factor of six is 
effectively good agreement Careful studies may be able to 
resolve this issue. 

Yours etc. 

SC Darby. 
ICRF Epidemiology Unit. 
Radciiffe Infirmary. 
Oxford 0X2 6HE. UK.. 

A M.C. Pike. 
Department of Preventive Medicine. 
University of Southern California. 
Los Angeles. CA 90033. USA. 


WALD NJ A RITCHIE. C <19841. Validation of studies on lun B 
cancer in non-smokers mimed to smokers Lancet. L 1067 
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ABSTRACT , 

Epidemiological evidence of increased lung cancer risk in never smokers married to smokers 
has been used to estimate annual deaths from environmental tobacco smoke (ETS) exposure. Such 
estimates are very much higher than those based on dosimetric considerations and misleadingly 
ignore major weaknesses in the epidemiology. Some authors overestimate total lung cancers 
occurring in never smokers. There is no scientific basis for extending risk assessments to 
include deaths from other causes, from workplace exposure to ETS, and among ex-smokers. 
Recent risk assessments by Wells, by Repsce and Lowrey, and by Kawachi *nd colleagues are 
given particular attention. 
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INTRODUCTION 

In 1986 four authorities reviewed the 
evidence on the relationship of environmental 
tobacco smoke (ETS) and health (1-4). There was 
agreement that there was inadequate evidence to 
determine whether ETS caused heart disease or 
cancers other than the lung. With regard to lung 
cancer views were more conflicting. The 
International Agency for Research on Cancer (1), 
while noting that "several epidemiological 
studies have reported an increased risk of lUng 
cancer in non-smoking spouses of smokers” 
pointed to ’’substantial difficulties” and errors 
that ’’could arguably have artefactually depressed 
or raised^ estimated risks” so that each study "is 
compatible either with an increase or with an 
absence of risk”. The Australian National 
Health and Medical Research Council (2) noted 
that "the evidence that passive smoking causes 
lung cancer is strongly suggestive” and, although 
pointing to difficulties in many studies that 
"preclude a conclusive interpretation”, stated 
that ’’passive smoking gives rise to some risk of 
cancer”. The US Surgeon General (3) concluded 
that ’’involuntary smoking is a cause of lung 
cancer” but that quantification of the risk for the 
US population ”is dependent on a number of 
factors for which only a limited amount of data 
are currently available". The US National 
Research Council (4) noted that a "summary 
estimate from epidemiological studies places the 


increased risk of lung cancer in non-smokers 
married to smokers compared with non-smokers 
married to non-smokers at about 34%” and 
considered that, though ”to some extent, 
misclassification bias may have contributed to 
the results reported in the epidemiological 
literature”, the "bias is not likely to account for 
ail of the increased risk”. 

Although one of the four authorities felt it 
premature to conclude cause and effect, and ; two 
who thought cause and effect could be concluded, 
felt it could not be quantified, there has been an 
increasing tendency to carry out risk 
assessments to estimate annual numbers of 
deaths due to ETS* The purpose of this paper is to 
underline a number of problems in conducting 
such risk assessments, and to comment 
critically on three that have recently been 
published. The first, by Wells (5), estimated that 
annually in the United States 46,000 deaths per 
year occurred among non-smokers (i.e, never 
pltis ex-smokers combined) due to ETS exposure 
at home and at work. 3,000 were from lung 
cancer, 11,000 from other cancer and 32,000 from 
heart disease. The second, by Kawachi and 
colleagues (6), estimated that annually in New 
Zealand 273 deaths per year occurred among 
never smokers, 30 from lung cancer and 243 
from ischaemic heart disease; 95 deaths were 
from at home exposure and 178 from at work 
exposure. The third risk assessment, by Repace 
and Lowrey (7), was based an a review of nine 
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other risk assessments for lung cancer. They 
noted that "excluding one study whose estimate 
differs from the mean of the others by two orders 
of magnitude, the remaining risk assessments 
are in remarkable agreement. The mean 
estimate is approximately 5000 ± 2400 non- 
smokers' lung cancer deaths per year in the US". 

This paper starts by discussing risk 
assessment for lung cancer among never 
smokers based on epidemiological data in 
relation to spouse smoking, this being the area 
most intensively studied. Following this 
problems resulting from extending the risk 
assessment to cover other diseases are 
discussed: as are those caused by considering 
workplace as well as at home ETS exposure. 
Finally, some other issues are considered. 

LUNG CANCER IN NEVER SMOKERS 
IN RELATION TO ETS EXPOSURE 
FROM THE SPOUSE 

An up-to-date review of the evidence (8) 
shows there are 27 epidemiological studies of 
lung cancer (involving nine or more cases) in 
which risk in never smokers could be related to 
the smoking status of the spouse (or in five 
studies to an alternative index of at-home 
exposure). Eleven studies were conducted in the 
US, eleven in Asia and five in Europe, involving a 
total of 2350 lung cancer cases with relevant data, 
90% of these being females. 26 of the 27 studies 
provide -estimates of relative risk in relation to 
this index of ETS exposure for females; values 
range from just under 1.0 to just over 2.0, Five 
are statistically significantly positive and 20 
estimates are greater than 1.0. Taken as a whole 
the data show a positive relationship - the median 
is about 1.25. Based on 17 of these studies, using 
formal meta-analytic techniques which weighted 
studies on sample size but not on quality of 
evidence, Wells (5) gave an average relative risk 
of 1.44, with 95% confidence limits 1.26 to 1.66. 
The data for males are more variable, being 
based on 11 studies often with small numbers of 
deaths. Seven relative risks were greater than 1, 
one significantly so, with one equal to 1 and three 
less than 1. The median is similar to that for 
females. 

The epidemiological evidence has been used 
for the risk assessments of Wells (5) and 
Kawachi et al (6). It has also been used for a 
number of the risk assessments cited by Repace 
and Lowrey 07). This is only valid if the 
epidemiological evidence itself is sound and not 
subject to material bias. In order to investigate 


this issue, two questions will be addressed; first, 
"Is the magnitude of the risk plausible based on 
what is known about the extent of exposure?" and 
second, "Are there weaknesses and sources of 
bias in the epidemiology which could invalidate 
the approach?" 


If lung cancer risk, relative to a non ETS exposed 
never smoker, is RE in an ETS exposed never 
smoker and RS in an ever smoker, then the ratio 
of excess risks X*(RE-1V(RS-1) is an indicator 
of the relative effects of ETS exposure alone and: 
of smoking. Since risk associated: with smoking 
is approximately proportional to number of 
cigarettes smoked, one might expect, were the 
epidemiology unbiassed* that X would be similar 
to the ratio of relevant smoke constituents from 
ETS exposure and from smoking. Table 1 shows, 
in rank order, estimates of X based on data for 18 
studies in females and 7 studies in males. In 
females, almost half (8/18) of estimates are 0.2 
or greater with the median value 0.14. For males, 
the results vary more and are based on many less 
data points, but the conclusions to be drawn are 
similar - namely that the epidemiological 
evidence, if unbiassed, suggests that the extent of 
exposure from ETS (from spousal smoking) is 
something like 10-20% of that from active 
smoking. 

It is cl fear the ratio of exposure from ETS and: 
exposure from active smoking is much lower 
than 10-20% for those smoke constituents that are 
commonly used as markers. In a large 
nationally representative study in the UK (27), 
mean salivary cotinine levelfe in non-smokers 
married to non-smokers, in non-smokers 
married to smokers and in smokers were 
respectively 1.22, 3.78 and 331 ng/ml in males 
and 0.76, 2.21 and 328 ng/ml in females, giving a 
relative exposure for ETS to active smoking of 
0,8% in malfes and 0.4% in females. Repace and: 
Lowrey (7) give a slightly higher figure, noting 
that non-smokers have of “the order of 1% of 
nicotine uptake of smokers" but it is still an 
order of magnitudfe less than the 10-20% one 
requires to align with the epidemiology. 
Differences in clearance rates of cotinine 
reported between non-smokers and smokers are 
too small to affect this gross discrepancy 
materially; in any case, since the half-life 
seems to be longer in non-smokers it would 
increase the discrepancy (28), not reduce it as 
Repace and Lowrey (7) claim. 


Dosimetric considerations. 
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TABLE 1 Comparability of relative risks due to ETS exposure (from spouse) and active smoking 


Study 

(ref) 1 

Sex 

RE- 

RS” 

X+ 

Inoue 

(9) 

Female 

2.55 

4.25 

0.48 

Geng 

(10) 


2.16 

4.18 

0.36 

Tfichopoulos 

(11) 


2.08 

4.37 

0.32 

Akiba 

(12) 


1.52 

3.24 

0.23 

Brownson 

(.13) 


1.82 

4,75 

0.22 

Koo 

(14) 


1.55 

3.56 

0.21 

Lam 1 

(15) 


2.01 

5.94 

0.20 

Hole 

(16) 


1.89 

5.43 

0.20 

Lam 2 

(17) 


1.65 

4.97 

0.16 

Hirayama 

(18) 


1.38 

4.12 

0.12 

Gao 

(19) 


1.19 

3.15 

0.09 

Wu 

(20) 


1.20 

3.31 

0.09 

Gorrea 

(21) 


2.07 

14.10 

0.08 

Humble 

(22) 


2.34 

28.53 

0.05 

Svensson 

(23) 


1.26 

7.17 

0.04 

Lee 

(24) 


1.03 

4.70 

0.01 

Buffi'er 

(25) 


0.80 

5.91 

-0.04 

Chan 

(26) 


0.75 

3.07 

-0.12 

Akiba 

(12) 

Male 

2.10 

3.21 

0.50 

Hirayama 

(18) 


2.34 

4.39 

0.40 

Hole 

(16) 


3.52 

15.88 

0.17 

Humble 

(22) 


4.19 

29.36 

0,11 

Correa 

(21) 


1.97 

30.15 

0.03 

Lee 

(24) 


1.31 

12,02 

0i03 

Buffler 

(25) 


0.51 

7.03 

-0.08 


Risk of ETS exposed never smoker relative to non ETS exposed never smoker 
Risk of ever smoker relative to non ETS exposed never smoker 


+ Ratio of excess risks, e.g.for first study 0.48 » (2.55-l)/(4.25-l) 

N.B. Risks given are unstandardised for age since standardised estimates were not available in 
many studies and generally differed little from unstandardised estimates where both were 
available. 


Estimates of relative exposure based on 
inhaled smoking-related particulates show an 
even greater discrepancy. Arundel et al (29) have 
estimated that for the US average daily inhaled 
particulate ETS exposure for all never smokers 
is 0.62 mg/day for men and 0.28 mg/day for 
women as against 387 mg for men and 311 mg for 
women who currently smoke. Since ETS exposure 
of exposed non-smokers is about 3 times that of 
all non-smokers (27), one can calculate that the 
ratio of average exposure for ETS to active 
smoking is about 0.4% in men and 0*2% in 
women, similar to an estimate of 0:3% given by 
Repace and Lowrey (7) based on their own work. 

Arundel et al (29) pointed out retention of 
smoking related particulates is much higher in 
smokers (80%) than in non-smokers(ll%). They 
estimated a relative exposure for ETS to active 
smoking of around 0.03-0.04% (29). Using 
radiotracer techniques, a similar, very low ratio 
of 0.02% has been estimated based on particulate 


deposition in the trachea-bronchial region (30). 

While both ETS and mainstream smoke 
contain a wide variety of chemicals, and relative 
exposure of passive and active smokers will vary 
quite widely according to which chemical is used 
as the marker - the factor being higher for vapour 
phase than for particulate phase compounds (31) • 
there is certainly strong evidence of a marked 
discrepancy between the epidemiology and 
dosimetry. Indeed, since it is commonly 
believed lung cancer in smokers is associated; 
with deposition of particulate matter in the lung - 
the basis of "tar" reduction programmes * the 
discrepancy seems very large, by two or even 
three orders of magnitude. 

One implication is that risk assessments 
based on dosimetric evidence are likely to give 
substantially lower estimates than those based on 
the epidemiolbgical evidence. Another impli¬ 
cation is that it gives reason to doubt the epi¬ 
demiology, and to look for sources of bias. 
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Risk assessments based on dosimetry versus 
those based on epidemiolbgy. 

Let us consider the situation with regard to the 
three risk assessment papers which are being 
studied in detail. All three have different 
approaches. 

Kaw&chi et al takes the epidemiology at face 
value and do not attempt risk assessment based 
on dosimetric evidence (except vide infra to 
adjust relative risks for at home exposure to those 
for at work exposure). The discrepancy between 
the dosimetry and the epidemiology is not even 
mentioned. 

Wells (5) also bases his risk assessment on 
the epidemiology. However he does note that the 
mortality observed for passive smoking is 
"rather high" relative to the deposited dose of 
particulate, contrasting relative factors for 
passive to active smokers of 0.25% for "smoke 
retention" (Arundelfs figures cited above suggest 
0.03-0.04%) and 2.9% for lung cancer (Table 1 
suggests 10-20%). He believes the differences 
are due to differences in chemistry and physics 
between active and' passive smoking, and 
essentially does not doubt the validity of the 
epidemiology. 

Repace and Lowrey (7) review risk assess¬ 
ments based both on dosimetric and epidemi¬ 
ological evidence. While this should have 
revealed major differences between estimates 
based on the two methods of risk assessment they 
in fact, claim "remarkable agreement". There 
are many reasons for this erroneous conclusion: 

i) They rejected the estimate of Arundel et al 
(29), based on retained particulate matter, 
because it differs from the mean of the 
others by two orders of magnitude. 

ii) They misquote Robins’ work in the NRC 
report (4)i They cite his estimates of 2500- 
5200 US deaths in lifelong non-smokers 
per year from passive smoking as being 
dosimetrically based when in fact they 
clearly are epidemiologically based. 
Robins also provides much lower 
estimates of 45-396 deaths based on 
respirable suspended particulates, but 
Repace and Lowrey totally ignore these. 

in) They quote an early paper by Fong (32), 
which assumed that the extent of exposure 
from ETS was of order 2% to 8% that from 
active smoking, a relative factor far higher 
than indicated by the more recent data 
summarized in the previous section, 
iv) They omit their own dosimetrically based 


estimate because it is "inconsistent with 
the epidemiology of passive smoking". It 
is hardly surprising they get "remarkable 
agreement" if they reject estimates that do 
not agree! 

Table 2 presents the various estimates for the 
studies reviewed by Repace and Lowrey (7). The 
epidemiolbgically based estimates are reason¬ 
ably consistent and high. The dosimetrically 
based estimates are much lower. How much 
lower depends on the smoke constituent used for 
extrapolation. 

Weaknesses of the epidemiology. 

Epidemiology is imprecise. Various sources 
of bias can produce spurious relative risks of 2 or 
even more (38). Since the relative risks seen for 
ETS exposure are well within this range, and 
since they seem inconsistent with the dosimetric 
evidence, it is important to examine the epi¬ 
demiological evidence critically. Six potential 
sources of bias are considered below. 

Misclassification of diagnosis. 

Of the 27 epidemiolbgica! studies of ETS and 
lung cancer, three were prospective and based 
diagnosis on death certificates, and only 15 used 
only (or virtually only) histologically confirmed: 
cases. Faccini (39) has discussed the dangers of 
misdiagnosis, particularly of primary breast 
cancer as lung adenocarcinoma. The magnitude 
and extent of bias from this source is, however, 
unclear. Random misdiagnosis would tend to 
reduce the relative risk, but differential 
misdiagnosis might increase it. In theory 
differential! misdiagnosis might occur if a risk 
factor for the misdiagnosed disease is correlated 
with ETS exposure, or if knowledge of ETS 
exposure by the doctor affects diagnostic 
procedures, but there is no direct evidence of 
this. 

Misclassification of ETS exposure. 

None of the studies had any objective measure 
of ETS exposure, either from ambient air 
measurements in the home or workplace or from 
measurements of levels of smoke constituents in 
body fluids. All information came from 
questionnaires. While random misclassifi¬ 
cation of exposure will tend to dilute 
associations, it is possible that in case-control 
studies some recall bias might have occurred, 
with cases overestimating exposure relatively to 
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control's in an attempt to rationalize their 
disease. This would probably have been less 
important for relatively "hard" questions such as 
those relating to whether the spouse smoked than 
for more "soft" questions on extent of exposure. 

Publication' bias. 

There is strong reason to believe (40) that 
scientists are less likely to submit, and journals 
less likely to accept, papers showing no 
association than those showing a positive 
association. If so* published evidence tends to 
overestimate the true association of a factor with 


a disease. Since ETS has been the subject of much 
attention in recent years and since a relatively 
large number of unpublished null studies would 
be needed to counterbalance the high proportion of 
studies of spouse smoking and lung cancer 
showing a positive association, it would seem 
unlikely non-reporting bias could fully explain 
the overall positive relative risk. However the 
fact that the studies showing the highest relative 
risk are based on significantly smaller numbers 
of cases than the studies showing the lowest 
relative risks (8) is consistent with the notion 
that small null studies do not get published, and : 
suggests some publication bias exists. 


TABLE 2 Estimated number of lung cancer deaths occurring in US never smokers from ETS 
exposure in 1988 (adapted from Repace and Lowrey (7» 


Study 

(ref) 

Method of estimation 

Estimate * 

Wald 

(33) 

Epidemiological; 

5210 

Repace & Lowrey 

(34) 

Phenomenological ** 

4310 

Robins 

(4) 

Epidemiological 

4150 

Wigle 

(35) 

Epidemiological 

3650 

Kuller 

(36) 

Epidemiological 

3500 

Wells 

(5) 

Epidemiological 

2130 

Fong 

(32) 

Dosimetric - 2% to 8% of effect 

1860 

Russell 

(37) 

Dosimetric - nicotine 

710 

Repace & Lowrey 

(34) 

Dosimetricvrespirablesuspended 

particulates 

490 

Robins 

(4) 

Dosimetric + 

240 

Arundel 

(29) 

Dosimetric - retained particulate 
matter 

40 


* As given in 07), rounded, or converted from estimate for nonsmokers. Dosimetric estimate for 
Robins study added. 


** Based; on comparison of lung cancer rates in never smoking SDAs (Seventh Day Adventists) and 
non SDAs (unconnected for numerous lifestyle factors on which SDAs and non SDAs are known to 
differ). 

+ Assuming a non-exposed non-smoker inhales the equivalent of 0.01 cigarettes per day. Robins 
gives 0.0001-0.005 cigarettes per day for the equivalent in terms of respirabU suspended 
particulates. 


Poor design 1 of some studies. 

Of the 27 studies which provided information 
on ETS and lung cancer, 24 were of case-control 
design. There were clear weaknesses in design 
ini a number of the case-control studies. One 
study (10) did not even state what the control group 
was. Four studies (9, 12, 21, 25) included some 
patients or decedents with smoking associated 
diseases in their control gToup. More seriously 
there were systematic differences in study 
procedure between cases and controls in a 
number of studies. In three studies where the case 
might have been alive or dead (13, 22, 41) the 
controls were not matched on vital status. Two 
studies (ill, IS): used cases and controls from 


different hospitals. Two studies (17, 23) 

interviewed cases in hospital and some or all 
controls elsewhere. In three studies (13, 21 ! , 22) 
the proportion of next-of-kin respondents was 
substantially higher for cases than controls. 
Although difficult to quantify the effect of such 
procedural differences it is notable that for 
females the observed relative risk in the eight 
studies showing differences was higher (median 
1.9) than in the 17 studies where like was being 
compared with' like (median 1.2, p on rank test 
<0.05). It is also worth noting that three studies 
(12, 25i 42) obtained a high proportion of 
responses from next-of-kin and that in one of 
these (42)* no association between lung cancer 
risk and spouse smoking was seen when the 
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subject herself reported the information, but a 3- 
fold relative risk was seen when the information 
was obtained from a daughter or a son. 

Confounding. 

There were 22 studies in which the index of 
ETS exposure used was smoking by the husband: 
One would have thought that the standard 
procedure would have been to present an age- 
adjusted: comparison of married never smoking 
women whose husbands were non-smokers with 
married never smoking women whose husbands 
were smokers, and to also present a relative risk 
adjusted further for other potentially confounding 
factors known to affect risk of lung cancer. It 
was clear this standard procedure was not kept to. 
About half of these studies included unmarried 
women in their non-exposed group so that there 
was a confounding between marital status and 
ETS exposure. Three of the 22 studies (11, 15, 43) 
and also one of the other five (26) did not adjust 
for age at all' while in three others (10* 17, 21),, 
although cases and controls were age-matched 
initially,, the error was made of failing to age 
adjust after the never smokers were selected out. 
Almost half the studies failed to take into account 
any other confounding factors and of the 
remainder most looked at only quite a limited 
number of possible such factors. Those few 
studies which looked at a reasonable number of 
confounders were generally those, where no 
significant effect of ETS exposure had been seen 
anyway.. Koo (44) compared never smoking 
women whose husbands did or did not smoke on a 
wide range of factors and found that those whose 
husbands did not smoke were "better ofT in terms 
of socio-economic status, more conscientious 
housewives, ate better diets, and had better 
indices of family cohesiveness". 

Mi sclassiification. 

It is amply documented that active smoking is 
positively associated with lung cancer and also 
that smokers tend preferentially to marry 
smokers more often than would be expected by 
chance. As a result, even if ETS had no effect 
whatsoever on lung cancer risk, a spurious 
positive association between spouse smoking and 
lung cancer risk will be seen if a proportion of 
ever smokers are misclassified as never 
smokers (27). The relationship between the 
magnitude of this bias and the misclassification 
rate can be calculated theoretically given the 
degree of between spouse smoking concordance, 
the observed proportion of ever smokers, the 
observed proportion of never smokers who are 


married to smokers, and the observed relative 
risk in relation to active smoking. Table 3 shows 
this relationship for four scenarios: US women, 
US men, Asian women and Asian men. The 
misclassification bias is much larger where the 
proportion of smokers is larger, and where the 
relative risk in relation to active smoking is 
larger. In order to achieve a bias of 1.4 for 
example, one would need less than a 1% mis¬ 
classification for US men, about a 2% misclas¬ 
sification for Asian men, about a 5% misclassi¬ 
fication for US women and about a 30% mis¬ 
classification for Asian womem Elsewhere (44) 
I have reviewed in detail the published evidence 
on the levels of misclassification actually 
determined in over 100 studies. In studies of 
self-reported non-smokers under no special 
pressure to deny smoking, biochemical tests 
suggested that on average around 4% were actually 
current smokers, with 1 to 2% current regular 
smokers. In * addition ~ to the misclassified 
current smokers, studies in which subjects were 
asked questions on multiple occasions have 
shown a somewhat larger number of ex-smokers 
misclassified as never smokers. The evidence 
is certainly consistent with misclassification 
bias being of major importance in the US (and 
European) studies. However there is virtually no 
good evidence on misclassification rates in 
Asian populations. There has long been 
speculation that rates may be particularly high 
among women in Japan, where smoking is not 
considered socially acceptable. A survey of 
Tokyo University fresh women (46), among whom 
55% of smokers reported that their family did not 
know they smoked, tends to confirm this. 
However until cotinine studies are conducted to 
find out the true situation the extent of bias caused 
by misclassification in Asian studies will 
remain unclear. 

Misclassification also leads to overes¬ 
timation of the total number of lung cancers 
among never smokers. This is considered below 
under "other issues". 

Conclusion. 

The answers to the two questions posed 
earlier are clear. The epidemiology has indi¬ 
cated a magnitude of risk in relation to spouse 
smoking that is implausibly large compared with 
what is known about the extent of ETS exposure 
involved. There are clear weaknesses and 
sources of bias in the epidemiology which could 
invalidate risk assessments based on it. The 
most important of these are misclassification 
bias and failure properly to compare like with 
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like in' case-control studies, but failure to 
properly take confounding variables into account 
and publication bias are also relevant. 

All three risk assessments criticised in this 
document take the epidemiology virtually at face 
vahie, with no real discussion at all of its 
weaknesses. Thus Kawachi et al (6) mentions 
only publication bias (and dismisses it), while 
Wells (5) considers only misclassification bias 
(and then inadequately corrects for it). Repace 


and Lowrey (7) do not discuss any sources of bie 
at all (though some of the authors whose studu 
they review do so)i No reasonable scientific 
criteria are used to decide what constitutes a vail 
study before it can be included in a ris 
assessment - studies conducted with complet 
disregard of basic scientific principles ar 
included as if they were as valid as carefull; 
designed studies. 


TABLE 3 Bias due to misclassification in four scenarios. 


Scenario 

% Ever Smoked' 

% ETS Exposed 

RR for Smoking 

Misclassification Rate 

Bias 

US women 

49.0 

54.3 

6.73 

1% 

1.06 





2% 

1.12 





5% 

1.35 





10% 

2.02 

US men 

77.1 

38.7 

11.83 

1% 

1.52 





2% 

2.38 

Asian women 

24.5 

56,9 

2.99 

10% 

1,07 





25% 

1.26 





40% 

1.73 





50% 

2.82 

Asian men 

80.8 

6.6 

•* 3.48 

1% 

1.20 





2% 

1.42 





5% 

2.36 


N.B. No effect of ETS and between spouse concordance ratio of 3^0 assumed! % ever smoked, % ETS 
exposed and RR (relative risk) for active smoking estimated from those studies providing 
relevant data. See (8) for further details. 


EXTENDING RISK ASSESSMENT TO 
COVER DISEASES OTHER THAN 
LUNG CANCER 

Heart disease. 

In the risk assessment by Wells (5), heart 
disease deaths formed 70% of the total. In that by 
Kawachi et al (6), they formed 89%* As noted 
above, in 1986 none of the major authorities 
considered that ETS had been shown to cause heart 
disease. Evidently Wells and KawachL in 
assuming that ETS causes heart disease, are 
jumping to a conclusion that a number of panels 
of distinguished' scientists have not reached. 
While there are more data now than in 1986^ it 
remains abundantly clear that the evidence still 
does not support this conclusion. 

Wells (:5V cites data from six published 
studies (18, 24, 47-50); and one unpublished study 
(51)., Of these seven studies, five (16, 24, 48, 50, 
51)! were based on very much smaller number of 


death&^cases than the other two (18, 49) so that they 
contribute very little to the overall meta- 
analysis. While some further small studies have 
been published since (see 8), none are large. For 
this reason it is worth taking a detailed look at the 
two larger studies. 

The largest of these studies was by Helsing et 
al (49), This involved more heart disease deaths 
among non-smokers than all the other studies 
combined. It reported a 24% increase in heart 
disease risk in women exposed to ETS, based on 
988 deaths, and a 31% increase in men, based on 
370 deaths. Many features of the study and the 
results render any conclusion that ETS causes 
heart disease most insecure: 

i) The comparison was of people who lived with 
a smoker and of those who did not, with no 
direct adjustment for the number of people in 
the household. Clearly the larger the 
household, the more likely it is to contain a 
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smoker, so any risk factors related to 
household: gi*e could contribute to the 
association!. 

ii) The study was not a properly conducted 
prospective study, in that data were only 
collected on> whether a given subject had or 
had: not died in Washington County over the 
12-year period. Differences in smoking 
habits and disease status between those who 
left the county and those who did not may have 
caused substantial bias. 

iii) There was no dose-response relationship in 
the exposed groups. Indeed* in men the risks 
(relative to the non-exposed) were somewhat 
lower with increasing exposure score. 

i v) Adjustment for effects of age, marital status, 
years of school! and quality of housing used a 
procedure that was unclear and which had a 
huge effect. Thus in women, the passive 
smoke exposed group had a crude heart 
disease death rate 34% lower than the non- 
exposed group. After adjustment it was 24% 
higher. Such a large effect of adjustment 
makes one wonder just how contingent the 
reported results were on the exact list of 
confounding variables included, the 
statistical technique used for adjustment, and 
the accuracy with which the confounding 
variables were measured, 
v) A who] a range of factors have been related to 
heart disease. Among major factors not 
considered in the study were hypertension 
and! cholesterol levell 

While it is difficult to determine the relative 
importance of the features listed above, it is clear 
that one must have very considerable reser¬ 
vations about the results from this study. 

The Japanese prospective study of Hirayama 
(18) is superficially very good, being very large, 
having a long follow-up period and being 
apparently reasonably representative. However, 
following detailed scrutiny given to his study 
following the 1981 paper (52) which really brought 
ETS to public attention, a number of authors have 
identified various weaknesses (53, 54, 55). His 
questionnaire was extremely short and crude by 
modern standards, severely limiting the number 
of risk factors studied and the depth to which they 
could be investigated. The population was only 
interviewed once with no changes in habits 
recorded in 16 years. The mortality of his 
allegedly representative population is too low to 
reconcile satisfactorily with national rates, 
indicating that tracing of deaths was incomplete, 
with deficits varying by age and marital status 


(53) , His statistical presentation is inadequate in 
a number of ways: the methods used were not 
appropriate for analysis of long-term cohort 
studies; rates for heart disease in women were 
age adjusted to their husband's age rather than 
their own age; and some basic mistakes in 
analysis were made. One error, noted in 1981 

(54) * resulted in enormous inflation of the 
significance of the lung cancer association. A 
second, noted more recently (55), concerned the 
total inconsistency of results for heart disease 
reported in 1981 and 1984, and was only resolved 
by Hirayama (56) admitting his earlier data were 
in error. A number of approaches have been made 
to Hirayama to release his data for independent 
verification of his findings by more appropriate 
statistical! methods, but Hirayama has always 
refused to release his data* which only casts more 
doubt on his findings. While his findings show a 
16% increased risk of heart disease in never 
smoking women married to smokers which is 
marginally significant when a dose-related trend 
test is used, it is difficult to place much faith in 
his findings. 

Although it has been demonstrated above that 
the risk assessment for heart disease essentially 
rests on the results from two studies, both of 
which., seem unreliable, a number of other 
general points can be made. First, there are a 
very large number of risk factors for heart 
disease. It is evident that adjustment for these 
factors in the studies has always been income 
plete, and often seriously incomplete. Second, the 
extent of the association seen in some of these 
studies, which in some cases is close to that 
reported in relation to active smoking, is 
implausibly high when viewed against the extent 
of the association seen in relation' to active 
smoking. Third, there is a major danger of 
publication bias. It is notable that the literature is 
still relatively sparse despite the numerous 
ongoing studies of heart disease and the fact that 
heart disease in a non-smoker is probably 50 
times or so more common than lung cancer in a 
non-smoker. Any prospective study that has 
reported on lung cancer clearly could have done 
so for heart disease. The fact that the American 
Cancer Society million person study,, which 
reported for lung cancer (57), has not reported 
any results on the relationship of heart disease to 
ETS can reasonably be read as implying no 
relationship was found in that study. If this is in 
fact true, and its results were published, the 
picture from the meta-analysis would change 
dramatically since the study would involve so 
many deaths from heart disease in non-smokers. 
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Cancer other than the lung. 

Kawachi etal 06) did not include deaths from 
cancers other than the lung in their risk 
assessments, but Wells (5) did, although he only 
made estimates for females since he considered 
data for males to be too sparse. In fact, there is by 
now rather more evidence available than Wells 
considered, and the picture is completely 
unconvincing as to the effect of ETS exposure. 

Of I0 1 studies providing some evidence, six 
give no real indication of an effect of ETS. These 
included' two moderate sized case-control studies 
of bladder cancer (58, 59) which both gave relative 
risks close to unity, a case-control study of 
cervix cancer (60) which found no association 
with spouse smoking after controlling for 
smoking by the female subject, and a prospective 
study (47) which, found a non-significant relative 
risk of 1.20 for cancers other than the lung based 
on 43 deaths. Another study showing no effect was 
the case-control study of Miller (61') from which 
an age*adjusted relative risk of 0.97 for lUng 
cancer in relation to husband's smoking history 
could be calculated: It is interesting to note that 
Miller, while presenting data by age, did not age- 
standardise, and gave a relative risk of 1.40, 
while Wells (5), though he did age-standardise, 
unaccountably used data for unemployed rather 
than all women, giving a non-significant, 
relative risk of 1.25. The largest study showing 
no effect was the Washington County study on 
which 1 the Helsing heart disease results (49) were 
based. A later paper (62) reported that relative 
risks for all cancer for living with a smoker 
were 1.01 in males, based on 115 deaths, and 1.00 
in females, based on 501 deaths. 

Turning now to the four studies that provided 
at least some suggestion of an effect, the smallest 
was that by Reynolds et al (63). This prospective 
study found no association between' smoking by 
the spouse and risk of cancer in men, not giving 
detailed' results. In womens a positive 
association was found, but this was only of 
marginal' significance (p=0.035), and the relative 
risk of 1.68 had quite wide confidence limits, 
being based on only 71 cancer deaths, only five of 
which' were considered to be smoking related. 

In' a Ihrge case-control study of cervix cancer 
in Utah (64), a significant positive trend in risk 
was noted in relation to various indices of 
passive smoking exposure. There were many 
weaknesses in this study, : including failure to 
adjust for religiom (427c of cases and 58% of 
control^ were Mormons), large and differential 
non-response rates, misclassi ficati on of 


smoking status, and failure to adjust adequately 
for sexual habits. A crude relative risk of 14.8, 
in relation to ETS exposure for three or mo rr 
hours per day dropped to 2.96 after adjustment for 
the reported number of sexual partners of tht 
woman. As number of sexual partners is only ar 
inaccurately measured surrogate of the true 
sexually related cause of cervix cancer 
presumably a sexually transmitted infection^ the 
adjustment will be incomplete and the excess 
relative risk in relation to ETS may be wholly 
spurious representing a residual confounding 
effect of sexual habits (65), 

The other two studies reporting a positive 
association were both cited by Wells (5) and were 
the major contributors to his risk assessment for 
cancers other than the lUng. The study by Sandler 
et al (66) for which Wells cites a relative risk of 
2.0 based on 231 cases of cancer other chan the 
lung, used a mixture j)f friends or acquaintances 
of patients and people randomly selected by 
systematic telephone sampling as controls, a 
very questionable procedure. Response rates also 
varied substantially between cases and controls. 
The unconvincing nature of the findings was 
heightened by study of the results for individual 
cancer sites where large effects were claimed 
for ETS for a number of cancers (breast, thyroid, 
leukaemia/lymphoma) that have little or no 
relationship to smoking. 

The largest study is that by Hirayama (18, 52, 
67); Wells (5) cites a relative risk of 1.11 <95% 
confidence limits 1.0-1.2) based on 2505 deaths 
from cancer other than the lung. This is 
unconvincing for a number of reasons. First, 
most of the comments made about this study when 
considering the heart disease results apply. 
Second, the relative risk is only at best of 
marginal significance (trend p * 0.05 on a one- 
tailed test). Third, the association with spouse 
smoking arises mainly because of elevated risks 
of brain and breast cancer, cancers that are not 
smoking related. 

The overall evidence for cancer other than 
the lUng is clearly remarkably unconvincing in 
demonstrating any effect of ETS exposure. 
Where any association is reported it is generally 
for cancer sites not affected by active smoking. 
Wells (5) has great (and unjustified) faith in the 
epidemiology, claming "these differences in 
mortality effects are probably real.” Because it 
is certainly true (though as yet unquantified) that 
smokers have higher ETS exposure than 
nonsmokers it is a priori very difficult to see 
how an association with any disease could be 
observed only in response to ETS exposure, a 
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view endorsed, by IARC (1). Wells argues 
competing risks might be the explanation, effects 
of ETS exposure on such cancers as brainy 
endocrine glands, lymphoma, and breast only 
occurring in people with a particular 
susceptibility, and that people with this 
susceptibility, if they smoke, die first from lung 
cancer or other smoking-related cancers. This 
seems a remarkably unattractive and implau¬ 
sible hypothesis, for which there is no supportive 
evidence. Mortality patterns for lung cancer in 
terms of age, dose and duration of smoking are 
well described by models involving no 
component for variation in susceptibility at all, 
the response arising from random variation, Of 
course susceptibility might in fact vary to some 
extent (68, 69), but hardly so much that any effect 
in active smokers would be ruled out. The 
simpler hypothesis that any relationship seen 
between ETS and cancer of sites other than lung is 
due to chance or bias seems more plausible. 

EXTENDING RISK ASSESSMENT TO 

COVER ETS EXPOSURE FROM THE 
WORKPLACE 

Wells (5) took account of ETS exposure 
outside the home in two ways in tjis risk 
assessment. First, he estimated the proportion 
exposed by adding the proportions of never 
smokers living with ever smokers (taken from 
the controls of the US based epidemiological 
studies) to the proportions of all nonsmokers who 
did not live with a smoker but who where still 
exposed at home or at work (taken from Friedman 
070))] Second, he adjusted relative risk estimates 
upwards, except in Greece, Japan and Hong Kong, 
by assuming that nonexposed nonsmokers were 
actually exposed to 1/3 the extent of the exposed 
nonsmokers. Essentially he assumed that 
exposure outside the home had the same effect as 
exposure from the spouse. 

Kawachi et al (6) estimated the proportion of 
people exposed at home and at work from surveys. 
From the relative risk in relation to home 
exposure, 1.3, they multiplied the excess relative 
risk, 0.3, by a factor, 4.0, based on Repace and 
Lowrey r s estimate (34) of the relative extent of 
exposure to the particulate phase of ambient 
tobacco smoke at work (1.82 mg/day)'to at home 
(0.45 mg/day), thus estimating relative risk of 
lung cancer in relation to work exposure, 2.2. 
They commented that "this estimate is consistent 
with the relative risk of 3.3 (95% confidence 
interval! 1.0-10.5) for never smokers exposed to 


passive smoking at work reported by Kabat and 
Wynder (71) in one of the few studies that has 
distinguished exposure at work from exposure at 
home. However, we have adopted the more 
conservative estimate of 2.2". 

It is surprising that neither Wells (5) nor 
Kawachi et al (6) seem to have actually taken into 
account the total epidemiological evidence on 
lung cancer in relation to workplace exposure. 
Had they done so (see Table 4) they would have 
found that overall it gives no indication of a 
positive association at all, with' only four out of 
eleven relative risk estimates greater than 1.0 
and only the single estimate (Rabat 1 - males), 
selectively cited by Kawachi et al (6) even close to 
being significantly positive. The upper 
confidence limit for seven of the eleven 
estimates is less than the estimate of 2.2 used in 
their risk assessment. 

Most lung cancer cases occur at an age after 
people have retired. While Wells (5)' adjusts the 
exposed fraction down with increasing age, 
Kawachi et al (6) make no such adjustment, 
assuming that their unjustifiably high relative 
risk of 2.2 in relation to workplace exposure 
operates at age 80 as at age 40. 

The estimates by Kawachi et al (6) of risk due 
to workplace exposure from risk due to at home 
exposure are in any case methodologically un- 
soundi Even assuming (and these are very big as¬ 
sumptions), that meta-analysis gives unbiassed! 
estimates, that risk is linearly related to extent 
of exposure to smoke constituents, and that the 
estimates of relative exposure at work and at 
home are valid^ the equation they used is totally 
incorrect. The formula only makes sense for a 
comparison of those exposed at work and not 
elsewhere with those exposed at home and not 
elsewhere. If at home and at work exposure are 
positively correlated (as is likely) double 
counting of deaths arises. In the extreme 
situation where everyone is exposed! to both or to 
neither source, their method for estimating 
deaths due to at home exposure yields an answer 
appropriate for both exposures combined. Using 
their procedure, which would then multiply up 
deaths due to ETS by five, might lfead to there being 
more deaths due to ETS than actually occur in all! 

The validity of the factor of 4 for relative 
exposure at work to at home is anyway very 
dubious. A recent large survey in London (74) 
found little difference between particulate matter 
levels measured in the home and at work. Indeed 
where smoking took place, the level at work was 
less than at home. 
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TABLE 4 Reported relative risks of lung cancer in relation to ETS exposure at work. 


Study 

(ref) 

Sex 

Index of exposure 

Relative risk 

(95% conf.limits) 

Garfinkel 

(42) 

Female 

Smoke exposure at work in last 5 years 

0.88(0.66-1.18) 



Female 

Smoke exposure at work in last 25 years 

0.93(0,73-1.18) 

Rabat 1 

(71)' 

Female 

Current exposure on regular basis to tobacco 
smoke at work 

0.68(0.32-1,47) 



Male 

Current exposure on regular basis to tobacco 
smoke at work 

3.27(1.01-10.6) 

Rabat 2 

(72) 

Femalte 

Exposed to ETS at work (ever) 

1.00(0,49-2.06) 



Male 

Exposed to ETS at work (ever) 

0,98(0.46-2.10) 

Lee 

(24) 

Female 

Passive smoke exposure at work 

0.63(0.17-2.33) 



Male 

Passive smoke exposure at work 

1,61(0.39-6.60) 

Shimizu 

(73) 

Female 

Someone at working place smokes 

1.20(0.44-1.37) 

Varela 

(41) 

Both 

150 person/years smoking in the workplace 

0,91(0.80-1.04) 

Wu 

(20) 

Female 

Passive smoke exposure at work 

1.3 (0,5-3.3) 


OTHER ISSUES 

Extension of risk assessments to workplace ETS 
and heart disease deaths. 

While the use of epidemiological data to 
estimate the number of deaths from lung cancer 
among never smokers is dubious, extension of 
these estimates tc other diseases and to 
workplace exposure is even more so. This 
highlights the invalidity of the estimates by 
Kawachi el al (6) where of a total of 273 deaths per 
year due to ETS among never smokers, only 4_are 
from lung cancer due to at home ETS exposure, 
while as many as 152 are from ischaemic heart 
disease due to at work ETS exposure. The 
fragility of the confidence limits, 112 to 442, for 
the overall total of 273 is obvious. In no sense can 
we be confident that the true answer lies in this 
range. The estimate is cast in an even poorer 
light when one realises that the factor of 4 used to 
calculate lung cancer relative risks at work from 
those at home is also used for heart disease. What 
is the justification for that? The basis for the 
factor is relative particulate matter exposure, 
widely thought irrelevant to heart disease 
aetiology. It is notable that their resultant heart 
disease relative risk estimates for at work 
exposure are, implausibly, larger than those 
generally reported in relation to active smoking. 

Extension' of risk assessments to ex-smokers. 

Wells (5) and 1 Repace and Lowrey (7) 
estimate numbers of deaths dtie to ETS among 
never smokers and ex-smokers combined. They 


assume risk estimates based on results for never 
smokers are applicable also to ex-smokers. 
Neither paper discusses the problems implicit in 
this approach. In the first place there is no direct 
epidemiological evidence on risk in relation to 
ETS exposure for ex-smokers with the limited 
exception of the study by Varela (41) which found 
no* evidence of an effect of ETS in either never 
smokers or long term ex-smokers. Nor is there 
any evidence on levels of ETS exposure in ex¬ 
smokers as distinct from' never smokers. 
Without direct evidence the assumption that risk 
increases in relation to level of ETS exposure in 
ex-smokers to the same extent that it does in 
never smokers seems remarkably simplistic. 
Might not effects of ex-smoking interact with' 
those of ETS (if any)? Might not the situation 
depend on how long ago the smoker has given up , 
or why? There seems no scientific justification 
whatsoever for extrapolating estimates to ex¬ 
smokers. 

Extrapolation from one country to another. 

Kawachi et al (6) do not discuss the validity of 
calculating estimates for New Zealand when all 
their relevant source data comes from other 
countries. Their answer depends heavily on the 
US based factor of 4 used for relative exposure at 
work to at home. As noted above a UK study (68) 
found a factor less than 1. Which is relevant for 
New Zealand? 

Variations in relative risk of lung cancer by age. 

As discussed by Wells (5) and in the NRC 
report by Robins (4); if the relationship between 
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ETS and lung cancer risk depended on age, it 
would be appropriate to take thi9 into account in 
the risk assessment. In fact only the study of 
Hirayama (18, 67) presents data by age, other 
investigators implicitly assuming that the 
relative risk is invariant of age. Using a relative 
risk estimate of 1.44 as applying to all age 
groups, Wells calculated there would be 992 
deaths per year due to ETS exposure. Wells noted 
that Hirayama’s data actually indicated "a 
declining relative risk with age from 1.87 at 
approximately age 50 to 1.43 at approximately age 
75" and used these data to "develop a second death 
calculation assuming a declining relative risk 
but still normalized to 1.44" arriving at a slightly 
lower estimate of 911 deaths per year. Wells' 
calculations mislead in a number of ways. First, 
he used as source material data on risk by age of 
the husband (67) when more appropriate data by 
age of the wife were available (18). Second; he 
used data for ages 60-69 and 70-79 combined as 
applicable at "approximately age 75", concealing 
the fact that the relative risk estimate at age 70-79 
is actually 0.70. If one uses data in Wells’ Table 
6 for never smoker death rates, nonsmoker 
populations and fractions exposed by age, and one 
uses Hirayama’s actual relative risks by age of 
the wife (18), then it can be shown (Table 5): that 
allowing for variation in risk by ‘age very 
substantially affects estimates. Thus, for the 40- 
79 age group, one arrives at an estimate of 858 
deaths due to ETS if one assumes age invariance, 


but one actually arrives at an estimate of 964 
deaths saved by ETS if one uses Hirayama’s data 
directly. The relative risk estimate for the 70-79 
year age group is certainly unreliable, being 
based on only 6 deaths in the Hirayama study (as 
against 46, 91 and 57 for ages 40-49, 50-59, 60-69), 
so in Table 5 estimates of deaths are also shown 
using a combined relative risk for the age groups 
60-69 and 70-79. This gives an estimate of 299 
deaths due to ETS, substantially less that that 
assuming risk is invariant of age. While there 
are many problems in applying the Hirayama 
estimates, including the fact that Wells' Table 6 
is based on age at death whereas Hirayama’s data 
are based on age at start of the study, Wells’ paper 
conceals the major problems which have been 
given detailed attention by a number of authors 
(75, 76). Reliable data broken down by age are 
clearly needed. 

How many lung cancer deaths are there in total 
among never smokers? 

In 1985 in the USA, there were a total of 83i854 
deaths from lung cancer among maltes and 38,702 
among females (77).In his Tables 6 and Al, 
Wells (5) gives estimates of death rates among 
never smokers which, if applied to the age- 
specific population estimates of never smokers, 
yield 1,907 deaths among males and 4,232 deaths 
among females, respectively 2.3% and 10.9% of 
the total deaths from lung cancer. 


TABLE 5 Numbers of lung cancer deaths per year among US nonsmokers occurring in the 
population aged 40-79 based on Hirayama’s (18) estimates of relative risk by age of wife 


Risk assumed invariant of age Risk assumed to vary with age 

Age_Relative risk_Deaths_Relative risk*_Deaths* 


40-44 

1.45 

32 

2.76 

69 

45-49 

1.45 

40 

2.76 

85 

50-54 

1.45 

58 

1.72 

79 

55-59 

1.45 

89 

1.72 

122 

60-64 

1.45 

119 

1.12(0.97) 

39C-11) 

65-69 

1.45 

165 

1.12(0.97) 

54(-15) 

70-74 

1.45 

170 

0.19(0.97) 

-740C-15) 

75-79 

1.45 

185 

0.19(0.97) 

-6721-15) 

Total 


858 


-964(299) 


* Bracketed items assume common estimates for 60-69 and 70-79 age group. 


Elsewhere (78), I have reviewed the 
proportion of lung cancers occurring among 
never smokers in a range of recent 
epidemiological studies of Western populations. 
This gave an average of 2.4% for males and 13.2% 
for females, equivalent to 2,012 and 5,109 deaths 


respectively, reasonably close to the estimates of 
Wells., 

Other authors have suggested there are more 
deaths than this. Thus in the 1986 NRG report (4) 
Robins quoted estimates of roughly 5,200 deaths 
for males and 7,000 for females among U.S. 
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never smokers in 1985, while Repace and Lowrey 
(7) cite Kuller et al (36) for an estimate of 6000 to 
8000 Hjng cancer cases each year in US never 
smoking women. 

Three points arise. First, there is consid¬ 
erable uncertainty about the number of lung 
cancer deaths among never smokers. 

Second, if the lower estimates, which total 
about 6,000-7,000 deaths in the two sexes 
combined, are used, then many of the epidemi- 
ologically based estimates shown in Table 2 are 
totally unreasonable. Even if (implausibly) 
everyone were assumed to be exposed to ETS with 
risk doubled as a result the estimated number of 
lung cancer deaths occurring among never 
smokers would only be 3,000-3,500, and yet the 
four highest estimates in Table 2 all exceed this. 

Third, none of the estimates of total lung 
cancer deaths among never smokers cited above 
make any adjustment for misclassification of 
smoking status, all taking self-reported smoking 
habits at face value. Starting with the first 
estimate cited above of 6,139 deaths for the sexes 
combined, one can readily calculate that, if 1% of 
ever smokers were assumed to deny smoking on 
interview, this figure would fall by over a 
thousand to 4,972. This underlines the 
unreasonableness of the higher estimates in 
Table 2. 

DISCUSSION 

In the USA in 1985 there were some 120,000 deaths 
from lung cancer. Although estimates of the total 
number occurring among never smokers of up to 
around 12,000 have been cited, more reasonable 
estimates seems to be about 5,000 to 6,000. In 
attempting to estimate how many of these occur as 
a result of ETS exposure, one has to decide 
whether to base one’s estimate on the 
epidemiological evidence on ETS and lung 
cancer or on the dosimetric evidence on exposure 
to relevant smoke constituents of ETS exposed 
nonsmokers and smokers. It is abundantly clear 
that the two methods of estimation give very 


different answers. Thus, while estimates based 
on retained particulate matter give tens of deaths 
and those based on nicotine or respirable 
suspended particulates give hundreds, the 
epidemiologieally based estimates all give 
thousands of deaths. Which answer, if any, one 
accepts depends to a large extent on the faith one 
places on the, different types of evidence. Wells 
(5), Kawachi et al (6) and Repace and Lowrey (7) 
accept the epidemiology essentially at face value 
and pay little or no attention to its poor quality 
and very obvious weaknesses. They either ignore 
the dosimetric evidence (6), do not make it clear 
that it gives different answers and/or dismiss it 
as inconsistent with the epidemiology (7); or 
invoke mechanisms to explain the discrepancy 
which are scientifically unappealing (5). It 
seems to this author that the epidemiological 
evidence is untrustworthy and that, between the 
two, the dosimetric evidence is preferable. Of 
course problems remain both in choosing the 
appropriate index of exposure to use and in 
selecting the appropriate dose response curve at 
low doses (with the possibility of a threshold)* but 
it seems clear that this approach is better than 1 one 
which leads to such implausibly high figures. 

When one restricts attention to lung cancer, 
to never smokers and to ETS exposure from the 
spouse, one is at least operating in an area where 
the epidemiological evidence indicates an 
association. When one extends risk assessment 
to other diseases, to ex-smokers and to ETS 
exposure in the workplace one is stretching the 
limits of what is science. There essentially is no 
evidence on possible effects of ETS in ex- 
smokers and little reason to expect that any 
effects, if they exist, will be the same as in never 
smokers. There is some evidence on ETS 
exposure in the workplace, but this shows no 
association at all with lung cancer risk. The 
epidemiological evidence on ETS in relation to 
deaths from causes other than lung cancer is 
unconvincing, and no scientific authority has 
claimed cause and effect. 
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Review 


Involuntary Smoking in the 
Restaurant Workplace 

A Review of Employee Exposure and Health Effects 

Michael Siegel, MD, MPH 


Objective.— To determine the relative exposure to environmental tobacco 
smoke for bar and restaurant employees compared with office employees and with 
nonsmokers exposed in the home (part 1) and to determine whether this exposure 
is contributing to an elevated lung cancer risk in these employees (part 2). 

Data Sources.—MEDLINE and bibliographies from identified publications. 

Study Selection.— In part 1, published studies of indoor air quality were in¬ 
cluded if they reported a mean concentration of carbon monoxide, nicotine, or par¬ 
ticulate matter from measurements taken in one or more bars, restaurants, offices, 
or residences with iat least one smoker. In part 2, published epidemiologic studies 
that'reported a risk estimate for lung cancer incidence or mortality in food-service 
workers were included rfi they controlled, directly or indirectly, for active smoking. 

Data Extraction.—In part 1, a weighted average of the mean concentration of 
carbon monoxide, nicotine, and respirable suspended particulates reported in 
studies was calculated for bars, restaurants, offices, and residences. In part 2, the 
relative lung cancer risk for food-service workers compared with that for the gen¬ 
eral population was examined in the six identified studies. 

Data Synthesis.—Levels of environmental tobacco smoke in restaurants were 
approximately 1.6 to 2.0 times higher than in office workplaces of other businesses 
and 1.5 times higher than in residences with at least one smoker. Levels in bars 
were 3.9 to 6.1 times higher than in offices and 4.4 to 4.5 times higher than.in 
residences. The epidemiologic evidence suggested that there may be a 50% 
increase in lung cancer risk among food-sen/ice workers that is in part attributable 
to tobacco smoke exposure in the workplace. 

Conclusions,—Environmental tobacco smoke is a significant occupational 
health hazard for food-service workers. To protect these workers, smoking in bars 
and restaurants should:be prohibited. 

. {JAMA. 1993 ^ 70 . 490433 ) 


THE ADVERSE health effects of en¬ 
vironmental! tobacco smoke (ETS) ex¬ 
posure are now weU 1 recognized. 1 * 4 The 
Environmental Protection Agency clas¬ 
sified ETS as a group A carcinogen and 
estimated that it causes about 3000 lung 
cancer deaths per year in nonsmokers. 3 
The workplace is a major source of ETS 
exposure, and the National Institute for 
Occupational'Safety and Health has rec¬ 
ommended that involuntary exposure 
to tobacco smoke be eliminated by pro- 
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hibiting smoking in the workplace. 5 Many 
state and local governments have re¬ 
sponded to this recommendation by pro* 
hibiting smoking in public and/or pri¬ 
vate workplaces.® 

Many loc^ii governments have regu¬ 
lated smoking in restaurants. 7 These ef¬ 
forts have generally focused on protect¬ 
ing the public from ETS (Hatfield Lu 
Face-off: smoking in restaurants? San 
Francisco Examiner . February 27,1992: 
Al). However, restaurants are also 
workplaces, and because restaurant em¬ 
ployees spend a much longer time in the 
restaurant than do patrons, ETS expo¬ 
sure is more likely to result in adverse 
health effects for them. 

This review assesses the potential 
health hazard of ETS exposure for bar 


and restaurant employees. There are 
two questions considered. First, what is 
the relative exposure to ETS for bar 
and restaurant employees compared 
with employees of other businesses and 
with individuals who live in a home with 
a smoker? Second, does ETS exposure 
in bars and restaurants produce an el¬ 
evated lung cancer risk among these 
workers? To answer the first question, 
published indoor air quality data for bars, 
restaurants, offices, and residences were 
reviewed. To answer the second ques¬ 
tion, the epidemiologic studies of lung 
cancer risk in food-service workers were 
reviewed. 

METHODS 
Literature Review 

A literature search was carried out 
using the National Library of Medicine 
ME DLINE database to locate published 
studies that reported measurements of 
tobacco constituents in indoor air and 
studies of occupational lung cancer risk 
in food-service workers. Bibliographies 
from each publication were reviewed to 
identify additional relevant citations. 

In part I, studies were included! if 
they met the following criteria: (1) re¬ 
ported the mean concentration of car¬ 
bon monoxide, nicotine, or respirable 
suspended particulates from measure¬ 
ments taken in one or more restaurants, 
bars, offices, or residences with at least 
one smoker; (2) did not include mea¬ 
surements taken in designated smoking 
areas; and (3) did not include measure¬ 
ments taken under smoke-free condi¬ 
tions. Thus, these studies include mea¬ 
surements in restaurants and offices that 
allowed smoking anywhere, or in the 
nonsmoking areas of res taurants and of¬ 
fices that restricted smoking to a des¬ 
ignated area. Measurements in residenc¬ 
es were taken in the presence of at least 
one smoker. In addition to individual 
studies obtained through the computer 
search, three published reviews were 
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Table 1Indoof Air Concentrations o< Cartoon Monoxide, Nicotine, and Respirable Suspended Parbcutatas 
In Restaurants, Bars, Offices, and Residences' 


CoA*tttu#nt 

No. of 
Btudtoe 

No. of Sfte* 
Samp tad 

Weighted 

Meanf 

Range 

Ratio* 

Carton monoxide, ppm 
Office* 

12 

1161 ‘ 

3.0 

1.0*3.3 

1.0 

Raataurarrts 

12 

229 

5.1 

03-9.9 

1.7 

Bar* 

10 

32 

11.6 

3.V17 

3.9 

Ntoottne, ^ n* 

Office* 

22 

940 

4.1 

• OS-22.1 

1.0 

Residence* 

7 

91 

4.3 

1.6-21 

1.0 

Restaurants 

17 

402 

6S 

3.4-34 

1.6 

Bar* 

10 

25 

19.7 

7,4-65.5 

4.8 

Paniculate*, n&nr* 

Office* 

19 

912 

57 

6-256 

1.0 

ft—denoes 

13 

624 

7B 

32-700 

1.4 

Restaurants 

12 

211 

117 

27-690 

ZQ 

Bar* 

10 

16 

346 

75-1320 

6.1 


•Data from Sterling et;il,* Repace.’* Guerin el aJj" and Turner at al.” No stud*** met tb# tnciueion catena hx 
measurement o< ca/tton monoxide in residences. 

fWetghted average of indnxlual study mean concentre ton e tor al measurem e nts taken. Weigtits ueed were the 
number of restaurants, bars, offices, or homes sampled. 

$Rabo of weighted mean msuurant, bar. or residence to weighted mean office concentration. 


helpful in ensuring that most of the reU 
evanti literature was included in the anal¬ 
ysis. Firsts Sterling et al* reviewed the 
published literature on air sampling of 
tobacco constituents as of 1982. Second, 
Repace® reviewed the results of about 
60 studies of indoor ETS concentrations 
that were published before 1987. Third; 
the most recent and extensive review of 
the literature, published by Guerin et 
al 10 in 1992, reports the results of nearly 
100 air-sampling studies. Finally, data 
from the largest single study of indoor 
ETS levels, in which Turner et al u test¬ 
ed 585 office environments, were includ¬ 
ed in this review and analysis. It should 
be noted that data from individuals or 
groups allied with and funded by the 
tobacco industry 11 were included in the 
analysis. 

In part 2, studies were included if 
they met the following criteria: (1) re¬ 
ported a risk estimate of lung cancer 
incidence or mortality in food-service 
workers compared with other workers 
or with the general population; and (2) 
controlled, directly or indirectly, for the 
confounding effects of active smoking. 

Data Analysis 

In part 1, a weighted average of the 
mean carbon monoxide, nicotine, and re¬ 
spirable suspended particulates concen¬ 
trations reported in each of the studies 
was calculated for bars, restaurants, of¬ 
fices, and residences. The weight given 
to each study was the number of sepa¬ 
rate restaurants, offices, or homes sam¬ 
pled. This weighting procedure result¬ 
ed in heavier weighting of studies that 
reported the means of a large number of 
separate office or restaurant measure¬ 
ments. These studies are more likely to 
reflect typical workplace concentrations 
than those measuring concentrations in 

JAMA. July 28, 1993—Voi 270, No. 4 . 


a single workplace. 

In part 2, no attempt was made to 
statistically pool the individual lung can¬ 
cer risk estimates, owing to the small 
number of studies and the variability in 
study designs. 

RESULTS 

Part 1: ETS Levels In Restaurant Air 

The mean restaurant ETS constitu¬ 
ent concentrations are between 1.6 and 
2.0 times higher than those in the office 
workplaces studied, and 1.5 times high¬ 
er than levels in homes with at least one 
smoker present (Table 1). Mean concen¬ 
trations of ETS constituents in bars are 
3.9 to 6.1 times higher than in the office 
workplaces, and 4.4 to 4.5 times higher 
than in the residences. 

One must be cautious in comparing 
ETS exposure in the home and work¬ 
place based only, on ETS concentrations 
in ambient air because the duration of 
exposure is different in each environ¬ 
ment Repace* has shown that total ex¬ 
posure is proportional to both concen¬ 
tration and duration of exposure. Based 
on time-budget studies that have esti¬ 
mated the average amount of time spent 
by working persons in various environ¬ 
ments, the average US adult spends 
about 14 hours in the home and 6 hours 
in the workplace per day. u Allowing for 
8 hours of Bleep per day, and assuming 
that persons exposed to ETS at home 
are exposed during all waking hours, 
the duration of exposure is similar in the 
two environments (6 hours). Thus, total 
exposure to ETS is likely to be at least 
1 J> times higher for restaurant workers 
than for persons who live with a smok¬ 
er, and at least 4.4 times higher for bar 
workers than for individuals with only 
domestic ETS exposure. 


Part 2: Health Effects of Restaurant 
ETS Exposure 

Eleven studies have examined lung 
cancer risk in food-service workers with¬ 
out controlling for active Bmokrng.^ 
These studies were excluded from the 
analysis. Six studies have examined lung 
cancer risk in food-service workers, con¬ 
trolling for active smoking and other 
potential confounding variables. 1 ** 2 One 
of these was a historical cohort study 
that examined occupational lung cancer 
mortality. Five were case-control stud¬ 
ies that included incident lung cancer 
cases (Table 2). 

Investigators in the California Occu¬ 
pational Mortality studies 1 ** 1 reviewed 
California’s mortality data from 1979 
through 1981 by occupation. 2 ** 7 Crude 
standardized mortality ratios (SMRs) 
were calculated for food-service work¬ 
ers. Singleton and Beaumont® and Beau¬ 
mont et al 27 then attempted to control 
for smoking, alcohol, and socioeconomic 
status indirectly by adjusting for na¬ 
tional occupational smoking and alcohol 
use rates (imputed from National Health 
Interview Survey data and average oc¬ 
cupational socioeconomic status). For 
white male food-service workers, the 
unadjusted lung cancer SMR was 105% 
and the adjusted SMR was 125% (95% 
confidence interval [Cl], 90% to 169%). 
For male bartenders, the adjusted SMR 
was 152% (95% Cl, 118% to 192%). For 
white waitresses, the crude SMR was 
368% and the adjusted SMR was 148% 
(95% Cl, 125% to 174%). 

Williams et al® conducted a case-con¬ 
trol study using cancer mortality data 
from the Third National Cancer Sur¬ 
vey. Occupational history and a range of 
potential confounders were determined 
by interview. Odds ratios (ORs) for 
working in various occupations were de¬ 
termined for a variety of cancer types, 
adjusted for smoking, alcohol; income, 
and education. For female food-service 
workers, the adjusted lung cancer OR 
was 1.88. For male food-service work¬ 
ers, no risk estimate was reported ow¬ 
ing to the small number of cases (two). 

Lerchen et aP studied the relation¬ 
ship between occupation and lung cancer 
among males in a case-control study us¬ 
ing the New Mexico Tumor Registry. 
Cases and population-based controls were 
interviewed to obtain occupational and 
smoking histories. For males employed 
in the “eating and drinking establishment 
industry” category, an adjusted OR of 
1.6 (95% Cl, 08 to 2.9) was reported 

Schoenberg et al 30 examined the rela¬ 
tionship between occupation and lung 
cancer in New Jersey males in a case- 
control study. Cases obtained from a state 
health department reporting system and 
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Table 2:—Studies ot 'Lung Cancer Risk in .Food-Service Workers. Controlled tor Active Smoking* 


Source 

Subject* 

Study 

Deeign 

Risk Estimate 
(96% Confidence 
Interval) 

No. of 

Caeee or 

Oeettxe 

Additional 
Con founders 
Controlled 



Melee 




Sing Won and 
Beaumont* 

California (beams) 

Bartenders 

Other food-sendee workers 

Historical 

cohort 

SMR-1.52 (1.16-1.92)1 
SMR-1.25 (0.901.69) 

69 

42 

Age, sex. 
race, SES, 
alcohol 

larohen 

•tip 

New Mexico 
(inodtnt cases) 

Ealing and dnnibng 
industry workers 

Case-control 

OR-1.6 (0.8-2.9) 

26 

Age. sex. 
race, diet 

Schoenberg 
et aP 

New Jersey (Incident cases) 
Bartenders 

Other food-service workers 

Case-control 

r 

0R-.,.(12*1.3)T 

29 

37 

Age, sex 
race, SES, 
diet 

Zotvn et a/ 31 

Missouri tooo-serves worker* 
(incident cases) 

Case-control 

OR*1i8(1iO-3.5) 

24 

Age, sex, 

race 



Feme lee 




Singleton and 
Beaumont* 

California waitresses 
(deaths): 

Historical 

cohort 

SMR-1.48 (125-1*74) 

149 

Age, sex, 
race. SES, 
alcohol 

WilBams 

et aP 

US food-service worker* 
(irodeot cases) 

Case-control 

OR-1.88 

12 

Age. sex, 
race, SES, 
alcohol 

Keller and 
Howe* 

Itbnois females employed 
in eatmg and dnnking 
places* nonsmokara 
(incident cases) 

Case-control 

OR-1.92 (1.21.3.07) 

Not given 

Age, sax, 
race 


"SMR indicates standardized mortality raBo; SES, socioeconomic Status; and OR, oddS ratio. 
fSpeciflc OR not grven in source ated 


population-based controls were inter¬ 
viewed to obtain occupational, smoking, 
and dietary histories. The adjusted OR 
for male bartenders was between 1.2 and 
1.3, and for other food-service workers 
was between 1.1 and 1.2. 

Zahra et al 31 conducted a case-control 
study to determine (after adjusting for 
smoking) the relationship between lung 
cancer and occupation. Data from the Mis¬ 
souri Cancer Registry, which includes 
occupational and smoking histories, were 
reviewed for white male lung cancer cas¬ 
es diagnosed between 1980 and 1985. The 
adjusted OR for food-service workers was 
1.8 (95% Cl; 1.0 to 3.5). 

Keller and Howe 32 performed a case- 
control'study using all incident lung can¬ 
cers among nonsmokers entered in the 
Illinois Cancer Registry from 1985 to 
1987. The controls were nonsmoking co¬ 
lon cancer cases. Unlike the other five 
studies, Keller and' Howe's study con¬ 
trolled for active smoking by specifica¬ 
tion rather than adjustment Only non- 
smokers were included in the analysis. 
The OR for lung cancer in females em¬ 
ployed in eating and drinking places was 
1.92 (95% Cl, L21 to 3.07). No risk es¬ 
timate was given for males. 

Taken together, these studies suggest 
that there is an excess lung cancer risk 
of approximately 50% (range 10% to 
90%) among food-service workers com¬ 
pared with the general population, con¬ 
trolling for active smoking. In the two 
studies that examined bartenders and 
other food-service workers separately, 
this excess lung cancer risk was found 
for both groups of workers. 2 *- 30 Thus, it 
appears that there is an elevated lung 


cancer risk in both bar and restaurant 
workers that persists after controlling 
for active smoking. 

COMMENT 

The availability of ambient air survey 
data on ETS levels in more than 1000 
offices, more than 400 restaurants, and 
more than 600 homes provides an op¬ 
portunity to estimate the relative ETS 
exposure of bar and restaurant workers 
compared with that of office workers 
and with that of individuals who live 
with a smoker. In this analysis, ETS 
exposure for restaurant workers was 
estimated to be 1.6 to 2.0 times higher 
than for office workers, and at least 1.5 
times higher than for persons who live 
with a smoker. For bar workers, ETS 
exposure was estimated to be 3.9 to 6-1 
times higher than for office workers/ 
and at least 4.4 to 4.5 times higher than 
for persons exposed in the home. An 
attempt was made to determine wheth¬ 
er this increased estimated workplace 
ETS exposure in bars and restaurants 
produces an increase in lung cancer risk 
for these workers. In six epidemiologic 
studies that controlled for active smok¬ 
ing, an excess lung cancer risk of ap¬ 
proximately 50% (range, 10% to 90%) 
was found for food-service workers com- • 
pared with the general population. This 
excess risk could well be due to the in¬ 
creased ETS exposure of food-service 
workers. However, there are several al¬ 
ternative explanations that must be con¬ 
sidered. 

First, residual confounding by smok¬ 
ing might explain the elevation in lung 
cancer risk for food-service workers. 


There are several reasons to believe that 
this is not the case. Three case-control 
studies that controlled for smoking 2 *' 311 
involved detailed smoking histories. 
Smoking status was measured as a cat¬ 
egorical 31 or continuous variable, 29,30 in¬ 
corporating duration and intensity of 
smoking. Moreover, the adjustment for 
smoking produced little change in the 
OR for males. Lerchen et al 29 reported 
a change in OR from 1.7 to 1.6 when 
smoking was added to the regression 
model. Schoenberg et al 30 reported a 
change in OR of no more than 0.1 for 
food-service workers when smoking was 
considered. The finding of an elevated 
lung cancer risk among female food-ser¬ 
vice workers in a study restricted to 
nonsmokers 32 adds further evidence that 
residual confounding by smoking is un¬ 
likely to explain the elevated lung can¬ 
cer risk among food-service workers. 

Second* confounding by a variable 
known to be associated with both lung 
cancer and food-service employment 
might explain the observed association* 
The most important considerations are 
age, sex, race, socioeconomic status, and 
diet (saturated fat and ^-carotene [vi¬ 
tamin A] intake 33 )] However, age, sex, 
and race were controlled in all six stud¬ 
ies (Table 2). Socioeconomic status was 
controlled in three studies, and diet in 
two. Vitamin A intake, but not satu¬ 
rated fat intake, was specifically mea¬ 
sured in these studies. 330 

Third, publication bias might explain 
why the six published studies reported 
an increased lung cancer risk in food- 
service workers. However, since these 
studies examine the relationship be¬ 
tween lung cancer and a wide variety of 
occupations, they will almost certainly 
find a positive association with one or 
more occupations. Therefore, it is not 
plausible that studies finding no asso¬ 
ciation between lung cancer and food- 
service employment have been differ¬ 
entially rejected or not submitted for 
publication. 

Finally, the observed increase in lung 
cancer risk among food-service workers 
might be due to a carcinogenic exposure 
other than ETS. The most important con¬ 
sideration is exposure to cooking fumes. 
Air samples of cooking fumes have been 
shown to be mutagenic in the Ames as¬ 
say , M and cooks have been shown to have 
elevated risks of respiratory tract can¬ 
cers. 143730 3WS However, there are sever¬ 
al reasons t6 believe that exposure to 
cooking fumes is not contributing sub¬ 
stantially to the increased Hing cancer 
risk among food-service workers. First, 
a study of the mutagenicity of restaurant 
air 31 suggests that ETS is the major con¬ 
tributor to the mutagenicity of air from 
dining areas. In this study, the mutage- 
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nidty of air from dining areas was close¬ 
ly correlated with smoker density, but 
had no relation to the mutagenicity of air 
from kitchen samples. Second, ventila¬ 
tion in restaurants is generally designed 
to prevent cooking fumes from escaping 
into dining areas, 34 Average ventilation 
rates over cooking surfaces in four res¬ 
taurants studied met the minimum re¬ 
quirements of the American Conference 
of Governmental Industrial Hygienists.® 
The most important source of exposure 
to cooking fumes in these restaurants 
was contamination in “cook's breathing 
zones during active work processes.” 34 
Third! a time-budget study of cooks found 
that only 33% to 60% of a cook's shift is 
spent over cooking surfaces. 34 Food-ser¬ 
vice personnel would be expected to 
spend a much lower percentage of their 
time in contact with air contaminants 
over cooking surfaces. Finally, the stud¬ 
ies that have controlled for active smok¬ 
ing and examined lung cancer risk in 
cooks have not reported an elevated risk 
for these workers, Singleton and Beau¬ 
mont 28 found an adjusted lung cancer 
SMR of 91% for males and 102% for fe¬ 
males. Schoenberg et al 30 reported an 
adjusted OR of 0.9 for cooks. If is quite 
possible that the increased lung cancer 
risk among cooks is due to confounding 
by active smoking. Smoking rates in male 
cooks are 30% higher than in the general 
male population. 40 

An elevation in lung cancer risk at¬ 
tributable to ETS exposure in the res¬ 
taurant workplace is plausible. Since do¬ 
mestic ETS exposure is associated with 
a relative risk for lung cancer of 1.3! 455 
and this review estimated that typical 
restaurant ETS exposure is at least I £ 
times higher than domestic exposure, an 
excess lung cancer risk over 30% in res¬ 
taurant workers, compared with unex¬ 
posed nonsmokers in domestic settings, 
would be expected. High levels of res¬ 
taurant air mutagenicity 34 and increased 
levels of urine mutagenicity 41 and 3-ami- 
nobiphenyl, 42 a suspected carcinogenic hei 
raoglobin adduct! have been demonstrat¬ 
ed in ETS-exposed restaurant workers. 

The effects of domestic ETS expo¬ 
sure 14 and ETS exposure in tihe work¬ 
place in general 5 have been recognized. 
This review of exposure to and health 
effects of ETS in bar and restaurant 
workplaces specifically addresses ETS 
as an important occupational health haz¬ 
ard for food-service workers. Public 
health efforts to regulate smoking in 
bars and restaurants can no longer fo¬ 
cus only on protecting the patron. Food¬ 
service workers must be afforded the 
same public health protection as other 
workers. To protect these workers from 
the hazards of ETS, smoking should be 
prohibited in bars and restaurants. 


I wish to thank Thomas Novotny, MD* and James 
Seward, MD, for their helpful suggestions in the 
review of the manuscript. 
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